For Reference 


NOT TO BE TAKEN FROM THIS ROOM 


ah AIBRIS 
unINEASTERUT 


— >< 
~Righ Level 
BOOK BINDERY LTD. 
10372 - 60 Ave., Edmonton 
“THE HIGHES 2. EVEL OF 


, 
4m? 
: 


7 ut y 
rn i 


} oes} ae 
7 


ay 
7 i eg : : ! 


a 


ak 


a i ae a 


ue i ian 


Digitized by the Internet Archive 
in 2023 with funding from 
University of Alberta Library 


https://archive.org/details/Chen1973 


19s! Os U iNet leak RReasiialy yy OF APLPBEETR T A 


RELEASE FORM 


NAMES OP SAUTHOR een oe etn e. SSO EBN aD ot soe ore Wehea, 


UTE CeO bee Eo) ouep te ter eles ce akite leis (e (evs oei = i ole:'el sitels's «i chalets sisters -aleistarals «iets 


YEAR THIS DEGREE GRANTED eoeoeeeoeeeeescee eeeeeeeoweeeoeeweee eeeeeseeeeesee ee 


Permission is hereby granted to THE UNIVERSITY OF 
ALBERTA LIBRARY to reproduce single copies of this 
thesiseand to wlendsor sel lesuchecopicsmier priVaLle, 
scholarly or scientific research purposes only. 

The author reserves other publication rights, and 
neither the thesis nor extensive extracts from it may 
be printed or otherwise reproduced without the author's 


written permission. 


oe he eee Lead a: | 
7 cancel sdiiadansiiegle pail ores 10 


e2ee03 ¢ 8 staked « cate dgnsnay shbadiy <r4en en geennaens 


>aynas 20, 793800) | car 2Aw 2rRaiiT Moria so 


eer ip ty etre 


_ yo vintumihrahh ni iy Secnawty fered. 2b ambeeliet 


THE UNIVERSITY OF ALBERTA 


A STUDY OF DOPA DECARBOXYLASE IN THE FLESHFLY, 


SARCOPHAGA BULLATA 


by 


C) THOMAS T. CHEN 


A THESIS 
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH 
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE 


OF DOCTOR OF PHILOSOPHY 


DEPARTMENT OF GENETICS 


EDMONTON, ALBERTA 


FALL, 1973 


THE UNIVERSITY OF ALBERTA 


FACULTY OF GRADUATE STUDIES AND RESEARCH 


The undersigned certify that they have read, and 
recommend to the Faculty of Graduate Studies and Research, 
for acceptance, a thesis entitled "A Study of Dopa Decarboxy- 
lase in the Fleshfly, Sarcophaga bullata," submitted by 
Thomas T. Chen in partial fulfilment of the requirements for 


the degree of Doctor of Philosophy. 


\ oa luih 


‘bad (baoir oved contd soils ris “nage ot 
itor bm. vetbui? avtuberd bo crliawd ait oF basmmats 
seodinee® nqod Yo ylaae WN LetT Era 2tuend s  Somuaoe ‘tee x 

eee ee ae 
10) atiarncd ails) Ho seca is aloe ak, - a al 
“awdiiore: il Poems: a 


—. = MD 


7 


ABSTRACT 


In this thesis, the biochemical and biological properties of dopa 
decarboxylase in Sarcophaga bullata are described. Dopa decarboxylase 
requires pyridoxal-5'-phosphate as an obligatory co-factor, and the rate 
of decarboxylation is also elevated slightly by Few eeStrne enzyme is 
labile at 4°C, but sulfhydryl compounds and pyridoxal phosphate can 
Stavi lt zcetnerecnzyme tO a Certain extent. Ine optimum pH for dopa 
decarboxylase activity in 0.05 M Tris-HCl buffer is 7.5, and the optimum 
assay temperature in this buffer is 35 - 40°C. The apparent molecular 
weight of the enzyme, determined by Sephadex G-200 column chromatography , 
Tow oeret eC MoeKeLO  PAaMe Os 

Three distinctive peaks of dopa decarboxylase activity are observed 
during the postembryonic development of Sarcophaga bullata. These peaks 
occur at pupariation (peak I), 5-1/2 days after pupariation (peak IT) 
audeat eclosion (peakel li). Thesactivity in peak isis confined to the 
epidermal cells. The DEAE cellulose chromatographic properties of the 
enzyme extracted from the epidermal cells of animals 12 hr after pupari- 
aci10nsaressiliiar, to those or the enzyme found in the heads» or 10) day old 
adults. 

The activity of dopa decarboxylase can be induced in young third 
instar larvae (5S day old) by the injection of 20 ug ecdysterone. About 
60% of the induced enzyme has the same DEAE cellulose chromatographic 
properties as that from the cuticular epidermal cells of brown puparia. 


An tn vittro system for studying the hormonal induction of the 
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enzyme was developed. Wing discs cultured tn vitro for 3 days retain 
appreciable rates of RNA and protein synthesis. Such discs can undergo 
evagination when ecdysterone (f-ecdysone), ranging from 2 x 1aers 
Lxal0ns M, is added. Concentrations of a-ecdysone ranging from 
6 x 10° - 2 x 10°° M failed to induce evagination. The instantaneous 
rates of RNA and protein synthesis in imaginal wing discs are stimu- 
lated by the addition of ecdysterone. This ecdysterone-induced RNA and 
protein synthesis is inhibited by actinomycin D and cycloheximide 
concentrations which effectively block the evagination of the discs. 
The activity of dopa decarboxylase can be induced in cultured 
imaginal wing discs. A 4-fold increase in enzyme activity over the 
controled seobServedsatters26ehr inpthespresence.oisecdysteronesari ie 
induction process is sensitive to actinomycin D and cycloheximide. The 
establishment of this system will allow further biochemical studies on 


the molecular mechanisms of the hormonal regulation of gene expression. 
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Chapter I 
INTRODUCTION 


As a multicellular organism develops, there is a progressive 
restriction in the spectrum of differentiated cell types to which any 
cellycan,give-rise. | Thée.idea. (seer Davidson ,. 1969 ~sfor,.discussion)ethat 
this restriction in the developmental potentialities of a cell was 
accompanied by irreversible inactivation of the genome, was effectively 
ruled out by the nuclear transplantation studies of Gurden (1963). In 
this work, nuclei from fully differentiated intestinal cells of Xenopus 
were shown to possess the complete spectrum of genetic potential that 
resides) in. the, zygote...A second suggestion ee eifierecntiationeresulcs 
from differential replication of the genome during development (see 
Ebert and Kaighn, 1966, for review), has now been eliminated by the 
DNA-DNA hybridization competition experiments performed by McCarthy and 
Hoyer (1964). These authors found that there were no differences in 
the DNA sequences between embryonic and differentiated somatic cells. 
The mechanism which has received most experimental support is the selec- 
tive release of gene activity resulting from the differential transcrip- 
tion of the genome (Britten and Davidson, 1969). As defined by Allen 
(1965) then, "Differentiation is the outward and visible sign of 
selective gene activity, the reflection of a change in the cell's 
biochemical repertoire as a consequence of the release of information 
encoded in one-dimensional sequences.'' Thus, the diversity of proteins 
which arises during development as a result of differential gene activity 


is thought to be responsible for cellular differentiation. 
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Among those factors which affect the selective release of gene 
activity, hormones are believed to be one of the most important. Several 
studies on the induction of specific protein synthesis by hormones have 
been reported, and among them, two systems have been studied extensively. 
The first of these is the synthesis of ovalbumin induced by estrogen, a 
female sex hormone, in immature chick oviducts (O'Malley et al., 1969, 
for review). Although extensive tn vtvo biochemical studies have been 
performed, the lack of a proper tn vitro system is a drawback. The 
second example of hormone regulation of enzyme synthesis is the induction 
of tyrosine amino transferase by glucocorticoid hormones in hepatoma 
tissue culture cells (Tomkins et al., 1969; Tomkins and Gelehrter, 1972). 
Since these studies were performed on a tumor cell line, the extension 
of their results to normal cells is uncertain. Most importantly, though, 
neither of these two systems lends itself to genetic analysis. For 
these reasons, the development of other systems for studying the mech- 
anism of hormone action is desirable. 

The remarkable metamorphosis that insects undergo has long attracted 
the attention of developmental biologists. The morphological changes 
associated with insect metamorphosis are regulated by various hormones 
(Wyatt, 1972). In particular, sclerotization, the hardening and darken- 
ing of the insect cuticle during pupariation, is one of the best examples. 
Wiles LOces sus sclearly, under the control of the molting hormone, 
ecdysone (Gilbert and Schneiderman, 1961). Since the biochemistry of 
sclerotization has in large part been worked out by Karlson and his 
co-workers (Karlson and Sekeris, 1964), it is a favourable model system 


for studying the action of hormones. Furthermore, the availability of 
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sophisticated genetic techniques in one of the Diptera, namely Drosophila 
melanogaster, allows for the introduction of a genetic analysis. At the 
time this work was initiated though, several technical problems prevented 
studies on Drosophtla and the fleshfly, Sarcophaga bullata, was chosen 
instead. This thesis describes the properties of dopa decarboxylase, 

one of the enzymes involved in sclerotization, and its regulation by the 


molting hormone ecdysone. 


(A) Sclerotization and Tyrosine Metabolism in Higher Diptera 


Much of the biochemistry of sclerotization has been worked out by 
Karlson and his co-workers for blowfly Calltphora erythrocephala (Karlson 
and oekerisS, 1964). In the late third instar larvae of Caliipnora, 
tyrosine, instead of being metabolized through a degradative pathway, is 
converted to N-acetyl-dopamine by oxidation, decarboxylation and acetyla- 
tion (Fig. 1.1) (Karlson and Sekeris, 1964). During pupariation, 
N-acetyl-dopamine is oxidized to an o-quinone by phenol oxidase, and the 
o-quinone then supposedly interacts with cuticular protein to harden the 
larval cuticle (Karlson and Sekeris, 1964; Brunet, 1965). Other studies 
such as those of Summers (1968) on Uca pugtlator, Bodnaryk (1970, 1971 a,b) 
on Sarcophaga bullata, and Hodgetts and Konopka (1973) on Drosophila 
melanogaster suggested that with some minor modifications, this biochem- 
ical pathway is similar for a wide eros of organisms. 

Ligation of Calltphora larvae prior to puparium formation, so as to 
isolate the ring gland in the anterior part of the animal, prevents 
sclerotization of the posterior part of the cuticle (Gilbert and 


Schneiderman, 1961; Karlson and Sekeris, 1964). Sclerotization of the 
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posterior part of the cuticle in ligated larvae can be induced by the 
injection of the molting hormone, ecdysone. This clearly indicates that 
the process of sclerotization is under the control of this hormone. 
Furthermore, Karlson and Sekeris (1962) showed that ecdysone induced a 
substantial increase in the activity of dopa decarboxylase in the 
ligated animal. Although the biochemical basis of this observation 

and the mechanism of hormone action was pursued by Karlson and his 
co-workers for many years (Karlson and Sekeris, 1968; Sekeris et al., 
1971), rather surprisingly, no attempt has been made to confirm their 
studies on enzyme induction in Calliphora, or to extend the observations 
to~other systems. ‘Therefore, one” of the aims of this thesis is to 
extend Karlson's observation to another system and to develop an 

in vttro system of enzyme induction to circumvent the difficulties 


inherent in working tn vivo. 


(B) Ecdysone 

(i) Btoassay 

The biological activity of ecdysone is generally assayed by its 
capacity to cause the formation of a puparium in the larvae of certain 
flies. Fraenkel (1935) first reported that puparium formation could be 
induced in the posteria end of the ligated young larva of Calitphora by 
injection of blood from individuals that were ready to pupate. This 
experiment has led insect endocrinologists to develop a quantitative 
"Calltphora test'' which has been used as a routine assay method for 
ecdysone (Becker and Plagge, 1939; Karlson, 1956). Recently, similar 


assays have been carried out in many other Diptera such as Calltphora 
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stygta (Thomson et al., 1970), Sareophaga peregrina (Ohtaki et al., 1967), 
and Musca domestica (Staal, 1967; Adelung and Karlson, 1969), which gives 
greater sensitivity and precision. However, several factors such as tn 
vivo metabolism of ecdysone, larval age at the time of ligation and the 
Simultaneous action of an unidentified neurohormone have been found 

which complicate the abdomen test mentioned above (Fraenkel and Zdarek, 
1O7OU kings slo 72) 2 In order to avoid these comiacatirons, Chinara: ct al. 
(1972) developed an in vttro assay method. In their method, the biological 
activity of an ecdysone preparation is assayed by its capacity to induce 
tn vitro evagination of discs isolated from Drosophtla melanogaster. This 
method is especially useful in assaying the biological activity of 


ecdysone analogues. 


(ii) Chemtstry 

The development of the "Caliltphora test" resulted in the successful 
isolation of a biologically active ecdysone from 500 kg of Bombyx silk- 
worm pupae (Butenandt and Karlson, 1954). This compound was later desig- 
nated as a-ecdysone by Karlson (Karlson, 1956; Karlson et al., 1963). By 
counter-current distribution separation methods, a second compound with 
molting hormone activity was isolated and designated as B-ecdysone by 
Hocks et al. (1967). Through extensive X-ray crystallographic and 
chemical analysis, the structure of a-ecdysone was determined to be a 
Co7 sterol with exceptional polar character as a consequence of its 
multiple hydroxyl groups (Fig. 1.2), and B-ecdysone a 20-hydroxyecdysone 
(Huber and Hoppe, 1965; Hock and Weichert, 1966; Hoffmeister, 1966). The 


word ecdysterone is used to refer to B-ecdysone specifically, whereas 
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Figure 1.2. Structures of ecdysones and some selected phytoecdysones 
with btologtcal acttvity. 


(Wyatt, 1972) 


RING SYSTEM SIDE-CHAIN (R) NAMES 


a-Ecdysone 


B-Ecdysone 


Ponasterone A 


Inokosterone 


Podecdysone A 


Ponasterone B 
Ponasterone C 


A A 


atovateny | 


ecdysone is often used loosely to designate a-ecdysone or §-ecdysone. 
Recent studies of different investigators have revealed that besides a- 
and fB-ecdysone, there are many chemically related ecdysone analogues 
isolated from various plants which have high molting hormone activity 
(Nakanishi et al., 1966; Takemoto et al., 1967; Kaplanis et al., 1967). 
All these compounds are termed phytoecdysones (Fig. 1.2). The important 
structural features of the molecules that are responsible for its 
biological activity are: (a) the cis configuration in ring A and ring 
B; and (b) a C-22 hydroxyl group. The additional hydroxyl group in C-20 
appears to increase molting hormone activity (see Wyatt, 1972, for 
review). 

In Bombyx, Calltphora, or Sarcophaga ibeeirers: a-acdysone is rapidly 
converted to B-ecdysone and f-ecdysone then undergoes further metabolism 
torvbioOLOgicallys inactive poler metabolitess(Oitaki et als, 1908; 
Moriyama et al., 1970). Further studies indicated that the metabolism 
of ecdysone takes place either in the fat body or intestinal tract by 
enzymatic degradation (Shaaya, 1969). It appears that the degradation 
of ecdysones may involve more than one pathway, including side-chain 
scission to release a carboxylic acid (Galbraith et al., 1969), and 


glucoside formation (Heinrich and Hoffmeister, 1970). 


(iii) Btological effects 

Ecdysone-induced puparium formation in the Diptera which, as was 
mentioned above, provides the basis of the routine assay for ecdysone, 
is one of the most thoroughly investigated aspects of the hormone. As 
reported by Berreur and Fraenkel (1969), both the initial contraction 


of the larva into a puparial form and the cuticular sclerotization that 
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follows are dependent upon the presence of the hormone. In many of the 
Diptera, the hormone-induced hardening and darkening is brought about 
by phenolic tanning of the cuticular proteins. However, even in those 
members of the Diptera, where the hardening of the puparium occurs as a 
result of calcification, the process is under the control of ecdysone 
(Fraenkel and Hsiao, 1967). 

A second effect of ecdysone is the induction of molting. Adminis- 
tration of ecdysone to the larval or pupal stages of an insect which is 
ready to molt but lacks endogenous hormone due to ligation or extirpa- 
tion of the brain can induce molting promptly. Furthermore, Morohoshi 
and Jijima (1969) reported that ligated silkworm larval abdomens could 
be induced to molt immediately after the previous molt. Therefore it 
appears that ecdysone can induce molting at any stage, though less 
response to ecdysone is usually observed when the hormone is applied to 
aueanimale whicheis not ready to molt (see Wyatt. .1972, efor review). 

From the standpoint of the research undertaken in this thesis, 
perhaps the hormone-induced metamorphosis of the imaginal discs is the 
most significant of the developmental events under the control of the 
molting hormone. Imaginal discs are groups of cells of epidermal 
origin which, though apparently undifferentiated during larval growth, 
are destined to develop at metamorphosis into specialized adult struc- 
tures. Studies on the transplantation of discs from larvae of 
Drosophtla into the abdomens of adult flies revealed that the growth of 
discs is independent of the hormone, whereas metamorphosis of the discs 
requires the presence of ecdysone (Hadorn, 1966; Postlethwait and 


Schneiderman, 1968). Similar results have also been observed in the 
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wax moth, Galleria mellonella (Madhavan and Schneiderman, 1969). Many 
studies on imaginal discs cultured in vitro, including those on Drosophila 
(Fristrom et al., 1969; Chihara et al., 1972), Gallerta (Oberlander, 
1969, 1973), Plodia (Oberlander and Tomblin, 1972) and Sarcophaga 

(Ohmori and Ohtaki, 1973), indicated that the metamorphosis of the discs 
is dependent upon the presence of ecdysone. Most impressive are the 
recent experiments of Mandaron (1970, 1971, 1973), which demonstrated 
that discs isolated from Drosophtla could be induced to undergo virtually 
complete development, including bristle formation and the deposition of 
HUUceCULLCIe. trom che results presented aDove =1tals Clear that. tne 
imaginal discs are one of the true target tissues for ecdysone and their 
metamorphosis is dependent upon the presence of the hormone. 

In addition to the morphological manifestations of hormone activity 
described above, ecdysone stimulates macromolecular syntheses, especially 
those of RNA and protein. Rapid stimulation of RNA and protein synthesis 
in several larval and pupal tissues of the silkmoth (Hyalophora cecroptia) 
have been observed after injection of ecdysone (Berry et al., 1967; 
Wyatt, 1968; Sahota and Mansingh, 1970). In vttro studies on the effects 
of a-ecdysone on the synthesis of macromolecules revealed that the 
presence of a-ecdysone in cell nuclei isolated from epidermal cells or 
fat body cells of Calliphora strongly stimulates the incorporation of 
14c_uracil into RNA (Sekeris et al., 1965; Congote et al., 1969). The 
induction of RNA and protein synthesis in cultured discs isolated from 
Drosophila (Fristrom et al., 1969; Raikow and Fristrom, 1971; Fristron, 
1972) and Sarcophaga (Ohmori and Ohtaki, 1973) has also been investigated. 


As revealed by Fristrom (1972), the syntheses of rRNA and general protein 
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7 
were elevated several-fold in the presence of ecdysterone. However, 
attempts to detect the induction of new species of RNA and protein in 
the cultured Drosophila discs by employing DNA-RNA hybridization 


techniques and SDS disc gel electrophoresis were unsuccessful. 


(C) Rationale and Objectives 


injorder to present the rationale and objectives of this work, a 
peneral description of the process of Scilerotization has been given. 
Most significantly, the enzymes involved in this process appear to be 
under the control of the molting hormone, ecdysone. The main objectives 
of this work are: (a) to characterize dopa decarboxylase, a key 
elizyie sInVOLVed In the process of sclérotization, With respect, co 
Gigeits: biochnemcal properties, sii) its activity during development. 
and (iii) its tissue localization; (b) to confirm the hormone induci- 
bility of dopa decarboxylase tn vivo; (ec) to establish tn vitro 
culturing conditions for imaginal wing discs for studies on the induc- 


tion of dopa decarboxylase by ecdysone. 
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Chapter II 
MATERIALS AND METHODS 


(A) Maintenance of Flies 


The fleshfly, Sarcophaga bullata Parker, was obtained from Dr. R. 
P, Bodnaryk. The animals were reared at room temperature (23 - 25°C), 
under continuous lighting and 20 - 30% relative humidity. Larvae were 
collected on raw ground beef in disposable petri dishes. Forty-eight 
hours later, larvae were transferred to fresh raw ground beef in 
plastic bags and then placed in a polyethylene container with dry paper 
towels. Under these conditions, larvae require 6-1/2 to 7 days for 
full growth. The mature third instar larvae crawl out of the meat, and 
wander for 24 to 36 hr on the dry paper before pupariation. Pupae, 
collected and kept in the dark in an incubator at 25°C, eclosed about 
12 days after pupariation. Adult flies in a wooden cage were supplied 
with water and fed with a dry mixture of milk powder (Klim), glucose 
and yeast extract (Difco). Two weeks after adult eclosion, female flies 
are mature and ready to lay larvae. Aduit flies normally lived for 
about 3 weeks. The life cycle of Sarcophaga bullata in our laboratory 
is summarized in Figure 2.1. 

As reported by Ohtaki (1966), the secretion of the molting hormone, 
ecdysone, in Sarcophaga peregrina is prevented as long as mature larvae 
are stored in contact with water. For better synchrony of the culture 
in most of the experiments, mature, wandering larvae were collected and 


stored in contact with moist paper towels for 48 hr at room temperature 
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Figure 2.1. Life cycle of Sarcophaga bullata reared 


in laboratory. 
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and then transferred to dry conditions for further development. After 
this treatment, larvae formed puparia within 4 hr. 

In order to simplify stock maintenance, an attempt was made to 
determine the feasibility of storing cultures in the cold. White puparia 
(0 - 2 hr old) were collected and incubated at 25°C for 2 days and then 
were transferred to a closed glass jar ena kept at 4°C. At different 
time intervals, pupae were removed and checked for further development 
at 25°C. As shown in Table 2.1, the frequency of eclosion ranged from 
20 - 50% over a period of 4 months. The adults which eclosed from cold 
treated pupae were still fertile, and this procedure was adopted as a 


EOULINe LOL Oreserving tiestly Stocks), 


(B) Assay of Dopa Decarboxylase Activity 


Dopa decarboxylase activity was measured by a slight modification 
of the carbon dioxide microdiffusion method of Lunan and Mitchell (1969), 
in which !"CO, is produced from 1-!4*C-dopa. The reaction was carried 
out in a small polyallomer tube in which 6 - 8 holes had been punctured 
around the circumference near the top. The tube was suspended in a 
scintillation vial by a serum stopper (Fig. 2.2). The standard reaction 
mixture contained: Tris-HCl buffer (pH 7.5), 0.05 M; phenylthiourea 
(PTU), 2.4 x 1073 M; pyridoxal-5'-phosphate, 1.2 x 10°‘ M; DL-dopa-1-!4c 
(diluted with L-dopa to give specific activity 5.3 mC/mMole), 3.6 x Vor 2 M; 
and enzyme extract to give a total volume of 0.5 ml. The reaction was 
initiated by injecting !"C-dopa through the serum stopper with a 


Hamilton syringe, and after 20 min incubation at 37°C, it was terminated 


Dy adding 0,2 mleof 50% trichloroacetic acid (1CA). sDitfusion vot 14cQ, 
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Tablev2. |: PERCENTAGE ECLOSION OF ADULTS STORED AT 4°C. 


Time at 4°C Time Required for 


(Days) Complete Pupal Development % Eclosion 
(Days) 

0 11 50 

3 11 20 

6 Tt 50 
20 11 20 
ot 11 55 
43 11 25 
58 11 25 
72 11 30 
120 deh 40 


White puparia were collected for this experiment. The animals were 
incubated at 25°C for two days and then stored at 4°C. At different 
time intervals, 20 pupae were removed and incubated at 25°C for 


further development. 
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Figure 2.2. Diagrammatic representation of the reaction chamber 


used in dopa decarboxylase assay. 
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18 
was allowed for a minimum of 2 hr at room temperature and the gas was 
trapped by 1 ml of a solution containing phenylethylamine (PEA)-methanol- 
toluene (1:1:2 by volume) in the bottom of the scintillation vial. 
Radioactivity was determined in a Packard Tricarb Liquid Scintillation 
Spectrometer by removing the reaction chamber and adding 10 ml of Bray's 
solution (Bray, 1960). 

In our early experiments, !4CO. was trapped by KOH (10N) soaked in 
desitiaiteprece or Whatman #1 sfilterm paper (1/2 0x11/2"), slater we found 
that the PEA mixture can trap !4CO, about 2-1/2 times more efficiently 
than KOH (Table 2.2). Therefore, the PEA mixture was used as a CO» 
trapping agent throughout this study. 

It was found that !"C-1-dopa decarboxylated spontaneously at an 
appreciable rate at alkaline pH, and therefore it was necessary to 
correct for spontaneous decarboxylation during the period of incubation. 
In the routine assays, sample values were corrected for the amount of 
spontaneous decarboxylation obtained in enzyme extracts inactivated at 
GUsCatOres0 Tin (Fugsau2. oca,D))2 

It was found that the optimum pH for the enzyme activity was 
between 7.5 to 8 in both 0.05 M Tris-HCl buffer and 0.05 M phosphate 
butterve(ligs.02.4 2,D). ihe temperature of the water bathe atywhich 
maximum enzyme activity was observed during a 20 min incubation was 40°C 
(Pigpeceo ) es Slncenthes enzyme pee decreases very sharply at 
temperatures higher than 40°C, an incubation temperature of 37°C was 
chosen for the standard assay. Under these conditions, the enzyme 
activity was directly proportional to the time of incubation (Fig. 2.6) 
and the amount of extract, over a considerable range (Fig. 2.7). 


Enzyme extracts were prepared by grinding 2 well washed animals in 
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Tabler2.2. COMPARISON OF CARBON DIOXIDE TRAPPING EFFICIENCY OF THE 


PEA MIXTURE! AND KOH (10N) 


, Apparent Enzyme Efficiency 
t A 
er be cee Activity? (%) 
PEA mixture PREV EES 265 
KOH (10N) 10595 100 


1Phenylethylamine : Methanol : Toluene = 1:1: 2 
2apparent enzyme activity = mmoles dopa decarboxylated/ 
ml extract/20 min 
A crude extract prepared from animals 12 hr after pupariation was used 


in this experiment. 
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Figure 2.3. Heat inactivatton of dopa decarboxylase. 


a) 


b) 


Heat denaturation of dopa decarboxylase activity. 
Extracts prepared from brown puparia were incubated 
at different temperatures for 15 min. Activity of 
dopa decarboxylase was determined by the standard 
procedure at 37°C. 

Kinetics of denaturation of dopa decarboxylase at 
GoaGe 

Extracts prepared from brown puparia were incubated 
at 65°C for various times. The activity of dopa 
decarboxylase was then determined by the standard 
procedure. Soluble protein was determined by the 


method of Lowry et al. (1951). 
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Figure 2.4. Acttvity of dopa decarboxylase as a funetion of pH. 
Extracts were prepared from brown puparia in either 
Tris-HCl buffer (0.05 M) or sodium phosphate buffer 
(0.05 M). The reactions were carried out in (a) 0.05 M 
Tris-HCl or (b) 0.05 M sodium phosphate buffer at 
different pH's. Soluble protein was determined by 


the Lowry method. 
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Figure 2.5. 


Acttvtty of dopa decarboxylase as a funetton of the 


assay temperature. 
Extracts were prepared from brown puparia and the 
reactions were carried out in 0.05 M Tris-HCl buffer 


(pH 7.5, adjusted at every temperature) for 20 min. 
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Figure 2.0, 


Activity of dopa decarboxylase as a functton of the 
tneubatton time. 

An extract was prepared by grinding 2 brown puparia 
igen leOterris HCl epurtens(UsU0seM apie o) emetic 
supernatant of the centrifuged homogenate was diluted 
to 1/24 of the original concentration before using. 
The reaction was carried out in 0.05 M Tris-HCl buffer 
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Figure 2.7. 


Activity of dopa decarboxylase as a funetton of protein 
econeentratton. 

Extracts prepared from brown puparia were assayed for 
dopa decarboxy lasesactivity in) Tris-HCl bufters(0L05 Me 
pH 7.5) for 20 min at 37°C. Soluble protein was deter- 


mined by the Lowry method. 
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1 ml of 0.05 M Tris-HCl buffer (pH 7.5), containing PTU (2.4 x 10°? M), 
in a glass homogenizer at 4°C. Debris was removed by centrifugation at 
7700 WeTorel0 min in a Sorvall Refrigerated Centrifuge (RC2-B). In 

most of the cases, the centrifuged extracts were then passed through 
colums (0.9 x 10 cm) of Sephadex G-25 (Pharmacia Fine Chemicals) to 
remove small molecules. Proper dilutions were made on the dialyzed or 
undialyzed extracts to obtain 70 - 100 ug of soluble protein for each 


assay. 


(C) Chromatographic Procedures 


(1) DEAE cellulose column chromatography 

Diethylaminoethyl Cellulose (DEAE, W. and R. Balston, England) 
was prepared by first stirring 100 gm of dry fiber with 1000 ml of 0.5 M 
NaOH for 1 hr at room temperature and the NaOH was removed by gentle 
suction on a Buchner funnel. The pH of the suspension was reduced to 
8.0 by repeated rinses in distilled water and then the DEAE cellulose 
was resuspended in 1000 ml of 0.5 M HCl. The mixture was then stirred 
at room temperature and washed with glass distilled water to pH 4.0. 
Finally, the acidic DEAE cellulose was resuspended in 500 ml of 0.05 M 
Tris-HCl buffer. (pH 7.5), stirred fore30 min and titrated wath ON KO 
Over daepertiod OL46 Nrpeat room temperature tojal final phyots 7.5. yA 
colum, packed with the treated DEAE cellulose (1.2 x 14 cm) was 
equilibrated with 500 ml of 0.05 M Tris-HCl buffer (pH 7.5) at 4°C. 
Following sample application, the column was further washed with 20 ml 
of Tris-HCl] buffer. Protein was then eluted with a linear ionic 


gradient containing 0.1 - 0.6 M NaCl in.0.05 M Tris-HCl buffer (pH 7.5). 
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The volume of the fractions collected was 3.0 ml. 


(11) Sephadex colwnn chromatography 

G-25 and G-200 Sephadex gels (Pharmacia Fine Chemicals, Montreal, 
Quebec) were prepared following the procedures described by Pharmacia 
Fine Chemicals. To hydrate the gels, 10 gm of G-25 were soaked in 500 
ml 0.05 M Tris-HCl buffer (pH 7.5) for 3 hr at room temperature, or 
10 gm of G-200 were soaked in 500 ml of Tris-HCl buffer for 3 days. 
After the gel was fully hydrated, the fine particles were removed by 
successively washing the gel with Tris-HCl buffer. Air bubbles trapped 
in the gel slurry during preparation were removed under vacuum. For 
dialysis purposes, G-25 was packed into a small column (0.9 x 10 cm) 
and equilibrated with 0.05 M Tris-HCl (pH 7.5) at 4°C. Columns could 
be used repeatedly if care was taken to wash them adequately after 
each run. 

For gel-filtration colum chromatography, the excess buffer used 
to swell G-200 gel was removed until a thick slurry remained. The 
Slurry was then carefully pipetted into a column (1.2 x 55 cm) which 
was mounted vertically in the cold room. The column was connected to 
the buffer reservoir and the gel was packed under an operating pressure 
not exceeding 12 cm. The colum was further equilibrated with 1000 ml 
of 0.05 M Tris-HCl buffer with or without mercaptoethanol (2.0 x 10 
The void volume of the colum was determined with 0.2% blue dextran-2000 
(Pharmacia Fine Chemicals). In order to obtain good separation of the 
reece the amount of sample loaded on the colum should be less than 
2% of the total bed volume. Thus samples were always applied in volumes 


less than 0.5 ml. Following sample application, the colum was eluted 
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with 90 ml of Tris-HCl buffer (0.05 M, pH 7.5) with or without mercapto- 
ethanol under an operating pressure of 12 cm. The volume of the frac- 
tions collected was 0.9 ml and the flow rate of the colum was 6 ml/hr. 
After each run, the column was extensively washed with Tris-HCl buffer 


(0.05 M, pH 7.5). 


(D) Determination of Protein Concentration 


The concentration of protein in each extract was determined by the 
method described by Lowry et al. (1951). In this section, several 
difficulties encountered in applying the technique will be discussed. 
Et) Was -t0und, that thes? IU insthe extract butfer reacted witheathe Folin 
reagent to give a false Lowry-positive reaction. This could be avoided 
by a prior dialysis procedure. Secondly, a slight false Lowry-positive 
reaction was observed when the Folin reagent was added to Tris-HCl 
buffer. since the extracts were, prepared an .0.JoeM 1ris-HG) butter 
(pH 7.5), measurements.of protein concentrations were corrected for 
blank values obtained by substituting the appropriate amount of Tris-HCl 
DUPlTeretObetnec exerdcc. 

The intensity of the blue color which develops in the procedure is 
a fumction of time. Therefore, throughout all the assays, we used one 
hour as the incubation time. All the reagents except the Folin reagent 
were prepared once every month. Each time when new reagents were 
prepared, a new standard protein concentration curve was obtained using 


bovine serum albumin as the standard. A typical standard curve is shown 
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Figure 2.8. Typtcal standard curve used for estimating protein 
coneentratton by the Lowry method. 
Bovine serum albumin, fraction V, was used as the 


standard protein. 
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(E) In vitro Culturing of Imaginal Wing Discs 


Age synchronized mature larvae (48 hr on wet paper followed by 6 hr 
on dry paper) were stored at 4°C in the refrigerator for periods up to 
10 days. Surface-sterilization was carried out by submerging the larvae 
in White's solution (White, 1963) for 40 min and then rinsing them three 
times in sterile distilled water. Imaginal wing discs were dissected 
from these larvae in Schneider's medium (Grand Island Biol. Co.) with 
sterile forceps, and rinsed at least three times in the same medium 
before being transferred to small sealed culture vessels (Bellco). In 
peneral, 10 discs) were: culturedani 2m] of Schneider's? mediumssupple- 
mented with 10% heat inactivated fetal calf serum (Grand Island Biol. 
Co.), penicillin (100 units/ml) and streptomycin (100 ug/ml) at 25°C. 
This medium is called S medium throughout the text. Discs with injured 
membranes were discarded since membrane injury decreases the capability 
of further development tn vitro. 

For induction studies, 1 pg/ml (2 x 10 M) ecdysterone (prepared 
in 10% ethanol solution) was added to the medium, and this medium is 


called SE medium throughout the text. 


(F) Chemicals and Hormones Used 


The L-amino acid mixture-?3H(1 mC/ml 0.1N HCl), uridine-5-3H 


(28.5 C/mMole), and DL-dopa-1-!*C (10.7 mC/mMole) were purchased from New 
England Nuclear (Boston, Mass.). a- cdysone was a gift from Dr. C.A. 


Henrick (Zoecon Corp.), and ecdysterone was purchased from Schwarz/Mann 


(Orangeburg, New York). 
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Chapter ITI 


BIOCHEMICAL AND BIOLOGICAL CHARACTERIZATION OF 
DOPA DECARBOXYLASE IN SARCOPHAGA BULLATA 


(A) Introduction 


Dopa decarboxylase (3,4-dihydroxy-L-phenylalanine carboxy-lyase 
E. C. 4.1.1.26) catalyzes the conversion of dopa (3,4-dihydroxy-L- 
phenylalanine) to dopamine (3,4-dihydroxy-phenylethylamine) in the 
biochemical pathway leading to the biosynthesis of catecholamines from 
tyrosine in mammalian tissues (Molinoff and Axelrod, 1971). Several 
investigators have described the purification and characterization of 
this enzyme in different mammalian tissues (Fellman, 1950; Lovenberg 
Cteai. wlOr Christenson) ctaal, 1970) ssDopay decarboxylase: isolated 
from mammalian tissues is specific for the L-isomers, but not specific 
for a particular aromatic L-amino acid. Because of its lack of sub- 
stract specificity, the suggestion has been made to designate the 
enzyme as aromatic L-amino acid decarboxylase (Lovenberg et al., 1962; 
Christenson et al., 1970). 

In higher Diptera as well as other insects, dopa decarboxylase is 
the key enzyme in the pathway of tyrosine metabolism leading to sclero- 
tization, darkening and hardening of the larval cuticle during pupari- 
ation (Karlson and Sekeris, 1964; Lunan and Mitchell, 1969; Bodnaryk, 
1970; Hodgetts and Konapka, 1973). Except for the work reported by 
Sekeris (1963) on the partial purification of dopa decarboxylase from 
Calliphora erythrocephala, very little is known about the biochemical 
properties of this enzyme. 
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In Calltphora erythrocephala, Shaaya and Sekeris (1965) observed 
that the profile of dopa decarboxylase activity during development was 
similar to the variation in the ecdysone titer. This suggested hormonal 
regulation of the enzyme, and further evidence supporting this was 
provided by the work of Karlson and Sekeris (1962, 1964, 1966). Rather 
surprisingly, no other workers attempted to confirm or extend these 
interesting studies. In this chapter certain of the biochemical and 
biological properties of dopa decarboxylase in Sarcophaga will be 


discussed. 


(B) Results 


(a) Biochemical characterization of dopa decarboxylase 


(i) Partial purtfteatton of dopa decarboxylase: 
ingordenr, Be study the biochemical characteristics of dopa 
decarboxylase, a partially purified enzyme preparation was desired. 
The following steps were performed to obtain such a preparation. 

(i.a) Ammontum sulfate fractionation: The first step in the 
purification scheme was ammonium sulfate fractionation. As shown in 
Table 3.1, about 80% of the total dopa decarboxylase activity was found 
in the fraction between 50 - 75% saturated ammonium sulfate. After 
this step of purification, the specific activity of the enzyme increased 
from 1.07 to 3.03 (i.e., 3-fold purification was obtained). As shown 
in Table 3.2, using a narrower concentration range of ammonium sulfate, 
a slightly higher purification was obtained. 

(i.b) Sephadex G-200 colum chromatography: The second step 


of purification was Sephadex G-200 chromatography. Figure 3.1 presents 
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Tablewsel. AMMONIUM SULFATE FRACTIONATION 


ACEIVAtVeOr 


Saturation Total Activity 


(%) dopa ese aiah stele (5) 
(mmoles/fraction/20 min) 
0 SADR 100.0 
0-50 Sele) 14.3 
50-65 SS 42.6 
65-75 84.8 5655 
75-85 Tom G39 
85-100 On2 0 


A crude extract was prepared by grinding 12 brown puparia in 7 ml of 
Qe0SeMelris-Ncl butter (pl 7.5) with avelass tissucserinder at 4.Grand 

the debris was removed first, by centrifugation at 7700 x g for 10 min 

and second by filtration through three layers of Kimwipes (Kimberly-Clark). 
A saturated ammonium sulfate solution was prepared by dissolving 770 gm 
Ofecrystalline ammonium sulfate an L0QO0°mil or 0005 Milris-HCl” (pHo7.s) 
andethe pH of the solution was brought up to pH 7.5 by titrating with 
concentrated NH,OH. The indicated degree of saturation was obtained by 
the dropwise addition of the neutralized saturated ammonium sulfate 
solution at 4°C. The precipitate collected by centrifugation at 12,000 


x g and resuspended in 0.05 M Tris-HCl (pH 7.5). Enzyme assays were 


carried out in 0.05 M Tris-HCl buffer (pH 7.5) under the standard conditions. 
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Figure s..: 


Chromatographie profile of activity of dopa decarboxylase 
on Sephadex G-200. 

An extract prepared from animals 12 hr after pupariation 
and fractionated by ammonium sulfate (55-70% saturation) 
was used in this study. After loading the 0.5 ml sample 
on the column (1.2 x 55 cm) of Sephadex G-200, proteins 
were eluted with 0.05 M Tris-HCl buffer (pH 7.5) at 4°C. 
Fractions of 0.9 ml each were collected. Protein was 
measured by the Lowry method and the enzyme activity was 
measured under the standard conditions in 0.05 M Tris-HCl 
buffer (pH 7.5). (¢--O----O--) protein concentration; 


(———_———) dopa decarboxylase activity. 
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a typical chromatographic profile of dopa decarboxylase on a Sephadex 
G-200 colum. The. activity of the enzyme was eluted between fractions 
30°to 43. The specific activity of the enzyme at this stage of purifi- 
cation was 3.91 (Table 3.2). By comparing the recovery of total protein 
after Sephadex G-200 to the amount of protein in the 55 - 70% ammonium 
Sulpacertrdaction, a o-f0ld increase in the specitic aceivityssnouid 
have been obtained (Table 3.2). However, as Table 3.2) shows, there 
Was nop increasesin: thegspecitic activity at allgatter this step of 
PUL ecation.. sin order to determine the causes01 the loss in-enzyme 
activity during Sephadex G-200 chromatography, the following experiments 
were carried out. 

(ii) The co-factor requirements of dopa decarboxylase: 

In order to examine the possibility that the decrease in 
activity on G-200 resulted from the loss of a co-factor, experiments 
were designed to determine the co-factor requirements of the enzyme. 

As presented in Table 3.3, a Sephadex G-200 enzyme preparation requires 
pyridoxal phosphate as an obligatory co-factor. The only metallic ion 
which has been tested is Fe. Although a 40% elevation in enzyme 
activity was observed when Fe was present in the assay mixture 
(lablews:4) , Fe does not appear to be an obligatory co-factor. 

(iii) Stabtltty of dopa decarboxylase at 4°: 

The final possibility for the loss of activity on G-200 
that was investigated was the question of enzyme stability. Experiments 
were therefore carried out to determine the stability of dopa decarboxylase 
Ate4eCeatter ditrerentisteps Of puritication..) lablens.o presents tne 


results of this study. It was found that 43% of the total enzyme 
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Tabi et Shek PURIFICATION OF DOPA DECARBOXYLASE FROM BROWN PUPARIA 


Total 1 ae 
Fraction Protein ates Specific Purification 
Ctavity Activity 
(mg) 
Crude extract ALlea 452 PeOy. 0 
52-70% (Ny )2501, 96.0 388 4.04 4 
fractionation 
pee gce trend? 19.8 77.6 3.91 3.9 


chromatography 


ITotal activity is defined as: mmoles of dopa decarboxylated/20 min. 


2Specific activity is defined as: mmoles of dopa decarboxylated/ 


mg of protein/20 min. 
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Table 3.3. DOPA DECARBOXYLASE ACTIVITY AS A FUNCTION OF PYRIDOXAL 


PHOSPHATE CONCENTRATION 


Concentration of Activity of 
Pyridoxal Phosphate Dopa Decarboxylase 
(M) (nmoles/ml Extract/20 min) 
0 0 
=16 
1928x410 1.75 
1628x250 > 3,22 
-4 
1E2Bxe10 33 46 
j92ext10"° 2.46 
102%xi10 7 0 


An enzyme extract from animals 12 hr after pupariation, purified by 
ammonium sulfate fractionation and Sephadex G-200 chromatography as 
summarized in Table 3.2, was used in this study. Activity of dopa 
decarboxylase was determined under the standard conditions in 0.05 M 


Tris 2HePyout fer™ (pH. 5) % 
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Table 3.4. DOPA DECARBOXYLASE ACTIVITY AS A FUNCTION OF FERRIC ION 


CONCENTRATION 
Concentration of Activity of 
Perric ion Dopa Decarboxylase 
(M) (nmoles/ml Extract/20 min) 
0 i, 85 
Sit Sate PeoT 
-4 
i ed Cee 20M KG) 2e25 
-y 
eh oe 3K 1295 
iad se 0.23 
Bx 100° 0 


An enzyme extract from animals 12 hr after pupariation, purified by 
ammonium sulfate fractionation and Sephadex G-200 chromatography as 
summarized in Table 3.2, was used in this study. Ferric ammonium 
sulfate was used as the Fe source. Activity of dopa decarboxylase 
was assayed under the standard conditions in 0.05 M Tris-HCl buffer 
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Table 3.5. STABILITY OF DOPA DECARBOXYLASE AT 4°C 


LL 


State of . % Remaining Activity 
Purification 0 Hour 26 Hours 47 Hours 
Grude Extract 100 heal fl) 16.0 
55-70% Ammonium 100 8.5 2.0 


Sulfate Fraction 


Sephadex G-200 


Colum  Eluate 100 67.0 S17 


A crude extract was prepared from animals 12 hr after pupariation in 
0.05 M Tris-HCl buffer (pH 7.5), and the enzyme activity was measured 


under the standard conditions in Tris-HCl buffer (pH 7.5). 
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activity remained in crude extracts stored at 4°C for 26 hr, 8.5% in 
the ammonium sulfate fractionated fraction and 67% in Sephadex G-200 
fraction (Table 3.5). Further decreases in enzyme activity occurred 
when the different enzyme preparations were kept at 4°C for another 21 
hr. The enzyme is most unstable after ammonium sulfate fractionation 
and least unstable after Sephadex G-200 chromatography. Repeated 
freezing and thawing at least 5 times did not cause any appreciable 
decrease in enzyme activity. 

Attempts were made to stabilize the enzyme activity in 
the ammonium sulfate fractionated preparation by using pyridoxal-5'- 
phosphate, PTU, mercaptoethanol or L-dopa. As presented in Table 3.6, 
all the compounds except L-dopa stabilized the enzyme activity. The 
optimum conditions for stabilizing the enzyme activity were obtained 
when both mercaptoethanol and pyridoxal-5'-phosphate were present. 

In this case about 37% of the activity remained after 24: hr. 
(iv) Estimatton of enayme molecular wetght: 

The apparent molecular weight of dopa decarboxylase was 
determined by gel filtration on Sephadex G-200. A Sephadex G-200 column 
(1.2 x 55 cm) was calibrated with 500 - 4000 ug of each of the following 
Standards: myoglobin (M.W. 1.7 x 10*), ovalbumin (M.W. 4.5 x 10"), 
bovine serum albumin (M.W. 6.7 x 102), alcohol dehydrogenase (horse 
liver) (M.W. 7.3 x 10+) and bovine y-globulin (M.W. 1.6 x 10°). The 
partition coefficients of each standard as well as dopa decarboxylase 
fon. calculated by the relationship (Laurent and Killander, 1964) 

Kavg = (Ve - Vo) / (Vt - Vo), where Ve is the elution volume of the 


particular protein, Vt is the total volume of the gel bed, and Vo is 
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Table 3.6. THE EFFECT OF VARIOUS AGENTS ON THE STABILITY OF DOPA 


DECARBOXYLASE AT 4°C 


Dopa Decarboxylase 


Activity (nmoles/ Relative 
Agent Concentration ml Extract/20 min) Stabilization! 
(M) 0 Hour 24 Hours 
Control 76.1 ss 1.00 
Phenylthiourea Dh SeRh] Ow etas 4 25.0 3.56 
Mercaptoethanol Die Sestet 94.4 HED Seo 
Pyridoxal Phosphate 1.2x 10° 78.5 17.8 oes] 
Mercaptoethanol BO accel OA 
+ = Saas 34.4 4.76 
Pyridoxal Phosphate 1.2 e1L0 
L-Dopa 1, Sex hfowter 74'¥s 4.7 0.66 
INGE 
ee ey treatedeextrace 
Actg hr 
lRelative stabilization = 
Act24 hr 
————— for control extract 
Actg hy 


An extract prepared in 0.05 M Tris-HCl buffer and fractionated in 
ammonium sulfate (55 - 70%) was used in this study. The enzyme activity 
was measured under the standard conditions in 0.05 M Tris-HCl buffer 
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48 
the void volume. Figure 3.2 presents the elution profiles of the pro- 
tein standards on Sephadex G-200. When Kaveg of each individual protein 
standard was plotted against its respective molecular weight on a semi 
log scale (Figure 3.3), a linear relationship was observed. From 3 
separate runs on G-200, the apparent molecular weight of dopa decarboxy- 


lase was determined to be 5.1 + 0.3 x 10+ (Figure 3.3). 


(b) Biological characterization of dopa decarboyxlase 


(1) Aettvtty of dopa decarboxylase during development: 
Experiments were conducted to measure the activity of dopa 
decarboxylase at various stages of larval, pupal and adult development 
andethe=resuitseare presented in. Figure 3.4.9) Inuthe early third instar 
larva, no appreciable amount of dopa decarboxylase activity was observed. 
Enzyme activity increased sharply during puparium formation and decreased 
to an undetectable level 4 days later (peak I). Another large peak of 
enzyme activity appeared 24 hr after adult eclosion and decreased again 
4 days later (peak III). In addition, a smaller but sharper peak of 
enzyme activity was detected 5-1/2 days after puparium formation (peak II). 
(ii) Dtstrtbutton of dopa decarboxylase at pupartum formatton 
(peak g1)% 
In order to determine whether the enzyme activity observed 
in peak I was localized in the cuticular epidermal cells as suggested by 
Lunan and Mitchell (1969), animals 12 hr after the white puparium stage 


is 


were dissected in 0.05 M Tris-HCl buffer (pH 7.5, with PTU 2.4 x 10° 
The various fractions were assayed for dopa decarboyxlase activity. 


Table 3.7 summarizes the enzyme activity observed in different tissues. 


The data suggest that about 70% of the total dopa decarboxylase activity 
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Figure 3.2. Chromatographic profile of protein standards on Sephadex 
G-200. 
The size of the colum was 1.2 x 55 cm. 
(—-e——-e—__) y-globulin (4 mg); 
(--O----0---) ovalbumin (4 mg); 
(—_«——_4——-) myoglobin (2 mg); 
(eee ) alcohol dehydrogenase (0.5 mg). 
y-globulin, ovalbumin and myoglobin were determined by 
absorption at 280 my, and ADH was assayed according to 
Ahmed (1964). 


Proteins were eluted with 0.05 M Tris-HCl buffer (pH 7.5). 
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Figures 3.5; 


Correlation of the partition coefftctent to the molecular 
weight. 

Partition coefficients of protein standards were calcu- 
lated from the data obtained from Sephadex G-200 


experiments according to the relationship: 


Ve im Vo 
Vt = Vo 


Kavg = 
The arrow indicates the Kaye of dopa decarboxylase 
activity. Vo was determined by blue dextran-2000. V+ 
was determined. by calculating the volume of the gel from 
the height of the bed and the diameter of the colum. 


The position of the centers of all peaks were determined 


by the relationship: 


Centers tet ies pen a= 
st 
where the summation was taken over all the fractions (i) 


of the peak, in which enzyme activity or 0.D.o¢9 my (cz) 


were found. 
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Figure jo. 


Spectfic activity of dopa decarboxylase at different 
stages of development tn Sarcophaga bullata. 

The age is expressed in days from the time of larval 
deposition. Each point is the mean of at least two 
determinations, and the S.E. of each point was less 
than 10%. The enzyme activity was measured under 
the standard conditions in-0.05 M Tris-HCl buffer 
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Table yo 22. DISTRIBUTION OF DOPA DECARBOXYLASE ACTIVITY IN 


SARCOPHAGA BULLATA, 12 HOURS AFTER PUPARIUM FORMATION 


Fraction Activity/Animal1! eget yee 

Blood Cells and Hemolymph Baz Lore 
Cuticular Epidermal Cells Sol ee 
Muscles and Trachea 2.4 4.8 
Fat Body 192 2.4 
Imaginal Discs and Brain Leo 529 
Total Activity Recovered 49.8 100 

Undissected Whole Animal 49.0 - 


lactivity/animal = nmoles of dopa decarboxylated/animal equivalent/20 min. 
Each point is the average of two experiments. The enzyme activity was 


measured under the standard conditions in 0.05 M Tris-HCl buffer (pH 7.5). 
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56 
is in the larval epidermal cells lying just under the cuticle. Although 
a small fraction of the enzyme activity was found in blood cells, 
hemolymph, muscles, imaginal discs and the brain, it could well be due 
to contamination by cuticular epidermal cells. 

(iii) Forms of dopa decarboxylase tn the organtsm: 

The decarboxylation product of this enzyme, dopamine, is 
thought to function as a neural transmitter in some organisms (Molinoff 
and Axelrod, 1971). Therefore we were interested to find out whether 
different forms of dopa decarboxylase were present in Sarcophaga bullata 
for sclerotization and neurological functions. Enzyme extracts prepared 
from whole animals about 12 hr after puparium formation or from isolated 
cuticular epidermal cells from animals of the same age, were chromato- 
graphed separately on DEAE cellulose. As shown in Figure 3.5 a and b, 

a Single peak of dopa decarboxylase activity from these two different 
extracts was eluted off the colum at the same ionic strength. Further- 
more, dopa decarboxylase activity prepared from the heads of 10 days old 
adults, which were assumed to have virtually no cuticular dopa decarboxy- 
lase activity, showed the same chromatographic behavior on DEAE ceilulose 
(Ei Ceres Oncol. 

(iv) Induction of dopa decarboxylase activity in vivo by 

ecdysterone: 

In the results presented in Figure 3.4, peak I appeared at 
the stage when tanning of the larval cuticle is in progress. Bodnaryk 
(1971) reported that precocious tanning in young third instar larvae 


could be induced by the injection of exogenous ecdysterone, and this: 
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Figure sono. 


Chromatographie profiles of dopa decarboxylase on DEAE 
cellulose. 
(a) The extract was prepared from whole animals, 12 hr 
after pupariation (brown puparia). 
(b) The extract was prepared from cuticular epidermal 
cells isolated from brown puparia. 
(ec) The extract was prepared from the heads of 10 day 
old adults. 
Crude extracts prepared from different sources were loaded 
to.a 12cm x) 14ecmecolum™ of DEAE Vcelluloses  Aftersilogcine 
the 0.5 ml samples, the colum was washed with 20 ml 0.05 M 
Tris-HCl buffer (pH 7.5). Proteins were then eluted with 
an ionic gradient consisting of 0.05 M Tris-HCl buffer 
(plia7.5 eandeNaCia(0. 1) tov076°M).. a PractionSeot so Uemime tc 
were collected. Protein was determined by absorbance at 
280 mu +—O—-O——), and the enzyme activity was measured 
under the standard conditions in 0.05 M Tris-HCl buffer 
(pH 7.5) Ce——e——). The ionic gradient of the eluting 


buffer (--------+-- JeLSe Shown ine (a). 


nMOLES OF DOPA DECARBOXYLATED/ FRACTION/MIN 


15 20 


FRACTION NUMBER 


40 


43 


58 


-_ 
Zz 
a 
S 
O 
O 
o 
| 
RQBOS 


59 


induced tanning could be inhibited by DL-3-(3,4-dihydroxypheny1)-2- 
hydrazino-2-methylpropionic acid (a-MDH), an inhibitor of dopa decarboxy- 
lase. These observations led us to speculate that dopa decarboxylase 
was induced in the latter experiments. To test this speculation, 
120 hr larvae were taken from the meat, washed thoroughly and injected 
with 5 pl (20 pg) of ecdysterone in 10% methanol. Control animals were 
injected with 10% methanol. Animals were maintained at 4°C prior to 
injection to immobilize them and injection was performed using a Hamilton 
syringe. The animals were then maintained on wet paper at 25°C and the 
enzyme activity was measured at different time intervals. Precocious 
tanning was observed in the induced animals 24 hr after injection. A 
4- to 5-fold increase in dopa decarboxylase activity was obtained 50 
Nyeatter ecdysterone injection (Fig. 3.6). The-control animals showed 
no appreciable increase in dopa decarboxylase activity throughout the 
experiment. 

Further experiments were carried out to locate the enzyme 
activity induced by ecdysterone in the precociously tanned animals. 
Animals.) 50 hr after injection with ecdystercone;were: dissected in ice 
cold Tris-HCl] (0.05 M, pH 7.5) with 2.4 x 10°? M PTU. The cuticular 
epidermal cells were separated away from the rest of the tissues, and 
dopa decarboxylase activity was measured in the two fractions. As shown 
in Table 3.8, the activity of dopa decarboxylase in the cuticular 
epidermal cells of the induced animals is 10 times higher than that in 
the control animals. 


In order to compare the dopa decarboxylase activity induced by 
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Figure 3.6. Induction of dopa decarboxylase in young third instar 
larvae by ecdysterone. 
Young third instar larvae (120 hr) were injected with 
20 wg/animal ecdysterone (in 10% methanol) and incubated 
at 25°C for various lengths of time. Control animals 
were injected with same amount of 10% methanol. The 
enzyme activity was determined under the standard 
conditions in 0.05M Tris-HCl buffer (pH 7.5) (——@———@——= ) 
dopa decarboxylase activity in induced animals; 
(---0--0O--) dopa decarboxylase activity in control 
animals. Each point is the average of two experiments 
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Table 3.8. TISSUE DISTRIBUTION OF DOPA DECARBOXYLASE IN INDUCED 


AND CONTROL ANIMALS} 


Total Activity of Dopa Decarboxylase 


; Zz 
Tissue per Animal 
Control Induced 
Cuticular Epidermal Revd! 10.0 
Remaining Tissues canal Gal 


lyoung third instar larvae (120 hr) were injected with 20 yg/animal 
ecdysterone (in 10% methanol) and incubated at 25°C for 30 hr. 


Control animals were injected with 10% methanol. 


2Total activity of dopa decarboxylase was expressed as: mmoles 


dopa decarboxylated/animal equivalent/20 min. 
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ecdysterone in young third instar larva with that found in brown puparia, 
an extract was prepared from induced larvae and chromatographed on DEAE 
cellulose. A comparison of Figure 3.7 to 3.5 a or b shows that dopa 
decarboxylase from the prematurely induced animals was similar to that 


found at pupariation. 


(C)) Discussion 


(a) Biochemical properties of dopa decarboxylase 

Dialysed extracts of dopa decarboxylase show an absolute requirement 
for pyridoxal-5'-phosphate (Table 3.3). This observation is in accord 
with the results of Sekeris (1963) and Fellman (1950). In their studies 
on the aromatic L-amino acid decarboxylase in hog kidney, Christenson 
et al, (1970) claimed that ions such as Foote, Fe’ and K’ had no effect 
on the rate of decarboxylation of dopa as well as other aromatic amino 
acids. In our studies, the rate of decarboxylation was elevated 40% 


* (5.0 x 10°° M) but no absolute 


above the control an=the presence of peu 
requirement for Fe was found. A similar observation has been reported 
by Sekeris (1963) in his study on dopa decarboxylase isolated from 
Calltphora erythrocephala. 

From the studies on the stability of the enzyme at 4°C, it was 
found that an ammonium sulfate fractionated enzyme preparation is very 
unstable (Table 3.5). About 92% of the total enzyme activity is lost 
from a fractionated preparation after 26 hr. The reason for the lability 
following ammonium sulfate fractionation is unknown. However, it 


presents a problem in purifying the enzyme and probably contributed to 


Our failure to achieve Ssigniticant purification, (lable 3.2). Imvorder 
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Figure 3.7. Chromatographic profile on DEAE cellulose of dopa 
decarboxylase from tnduced antmatls. 
Young third instar larvae (120 hr) were injected with 
20 ug/animal ecdysterone (in 10% methanol) and incubated 
at 25°C for 50 hr. A crude extract was prepared from 
induced larvae and loaded on a 1.2 cm x 14 cm colum 
of DEAE cellulose. The colum was washed and eluted 
as describedein esther legend toy hroure 7545, FOLeIne was 
determined by absorbance at 280 mu (.oO——O—), and 
the enzyme activity was measured under the standard 
conditions in 0.05 M Tris-HCl buffer (pH 7.5) (——@——e-—). 


The ionic gradient of the eluting buffer is indicated as 
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to overcome this problem, a rapid purification scheme must be employed. 

An attempt to stabilize dopa decarboxylase was made using sulfhydryl 
compounds, pyridoxal phosphate and L-dopa. As indicated in Table 3.6, 
sulfhydryl compounds such as mercaptoethanol and phenylthiourea can 
stabilize the enzyme activity. It therefore appears that addition of 
these compounds to all buffers used during a purification procedure 
would be advisable. Sulfhydryl compounds also appear to activate the 
enzyme somewhat as can be seen from the zero time column of Table 3.5. 
This is consistent with observations on aromatic L-amino acid decarboxy- 
lase from mammalian systems (Christenson et al., 1970). 

Gel filtration provides a rapid and simple method for the estima- 
tion of molecular weight. Studies by Andrews (1964, 1965) have shown 
that the elution volumes of proteins are largely determined by their 
molecular weights. The molecular weight of an enzyme can be determined 
by this method even when it is in a crude extract. Therefore, extensive 
purification of the protein is not required when this method is employed 
to estimate the molecular weight. As the data presented in Figure 3.3 
shows, the apparent molecular weight determined by this method is 
5.1 + 0.3 x 10%. This is the first report on the apparent molecular 
weight of dopa decarboxylase isolated from an insect system although 
the molecular weight of aromatic L-amino acid decarboxylase from hog 


kidney has been reported to be 1.2 x 10° by Christenson et al. (1970). 


_ (b) Btological properties of dopa decarboxylase 
In our studies, three peaks of dopa decarboxylase activity were 
observed throughout the various stages of development of Sarcophaga 


bullata (Fig. 3.4). Peak I and peak III were found at puparium formation 


ee atder ni bassoon? e abs stadigeody x0 _ r 
fn sncabcialentang: bro Lonadsootqnoxsm 2s fod ahemogpen.g 
fo noetEbbs jody exsoqqn stCtersds al .ypivitos pasar re inte 
etubaser, sortésitiwd & yitttyb boey exsttid IDs ot chuusoqgio> 98 = 
eit stavisos of re9aqye oats ebawoipnod Lyshyithivd -eldnetvbs od b 
2.6 aide! Yo tomifoo omit e182 ony More, iteoe od mio ea daitvomoe mY 
~yxedtnueh bionr ofits: = aitanors fg eno ttayesado Atiw anetatenoo ef “| ii : 
-(0V@f .,.fs do meee sacxiy) enaraye ap ifeemem mont aa 
mikes alt 0% bodsen olqaie bas brast 8 -eebivery natiertl22 Led 
aworte aynd (200L Jor) ewerbuh yd esihose § .siyiew Sa 
shods (di -bontwrseh yloprel o1a, enbezate, Yo 224m LOW ootiuie odt 


henturoteb ov) mo omyena: me to Sigiew sefirsofom ont 221g tow 6 Lis2 


i] 
bs : 


ovieneixs ,ororsieds .toadtca obbxa aodk 2f 7% edu aye Godzen, odie +e 

boyoi@ne 2k hortten ‘2ilt andw botiopsr fon et ndesord oft to nobtesit ae 

2.8 ome li wi bstaersiq oth ans bh .Sigted twivostom #1 otamites ot a” 
et hodtom eidy xt bortiirtotoh Jdg few ree foetem traranye and ,@ ort a 

‘taivsgiow. Mtetaqqs off no Proqes 1erF) od ef arr . "or x £0 = f, “a 7 

Aguorsis wofeye tae2ni me Mmort betefoet sealysorvavsh aqob to_ 2d; 

god govt sealyxodrevsh bio onime-1 sitatots 30 Iigkew tmluoeion 9 


/COVOL) is 30 nexitafaiti yd *O1ex 2.2 od 02 bottoger mane 


enndyuddrunseals ap ‘8 wee agrety hashgateid @ b 
bso eleva seatyxcdrboab veto to bie. ers tt eothure wie, 
2 Ao Yimqatéveb Xo: aoyese atotsey. st9 pie? ovr 
pte. bah sow Ut Aa iE tend isc os 


cena. 


67 


and eclosion, and peak II was found at 5-1/2 days after puparium forma- 
tion, Experiments on the tissue distribution of dopa decarboxylase at 
puparium formation revealed that at least 70% of the total enzyme activity 
is located in the cuticular epidermal cells (Table 3.7). This observa- 
tion confirms the work of Lunan and Mitchell (1969) with Drosophila 
melanogaster. Peaks I and III are hatha aR for the sclerotization 
of the puparium and the adult cuticle respectively. Peak II is believed 
to be responsible for the sclerotization of pupal prothoracic spiracles 
(B. Heming, personal communication). Shaaya and Sekeris (1965), working 
with Calltphora, failed to observe this peak, either because of the 
insensitivity of their assay or the excessive time (24 hr) between their 
data points. 

The homogeneity of the peaks of dopa decarboxylase activity observed 
one bEAEecel lulose, (hig... 5.0) orm Sephadex  G-2008 (Fao...) sugvesSt. chat 
if the enzyme has a neurological function, this is not carried out by a 
distinct molecular species. This conclusion is supported by the fact 
that the enzyme from the heads of 10 day old adults has the same chroma- 
tographic properties as the enzyme located in the cuticular epidermal 
cells (Fig. 3.5 b, c). However, neither of these chromatographic methods 
has sufficient resolution to distinguish between two enzyme molecules 
with minor differences. 

A superimposition of the activity profile of dopa decarboxylase 
in Figure 3.4 on the titer of the molting hormone, ecdysone, observed 
in various stages of development in Calltphora erythrocephala (Shaaya 
and Sekeris, 1965), indicates that peaks I and II fall under maxima in 


the ecdysone titer. The fact that the ecdysone titer is nearly zero 
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at eclosion raises the possibility that the appearance of dopa decarboxy- 
lase activity at this time (peak III) is not dependent on hormone action. 
Clearly though, the enzyme can be induced in vtvo (Fig. 3.6), and its 
tissue specificity and chromatographic properties are similar to those 
of the enzyme normally found in brown puparia (Table 3.8 and Figs. 3.5 
and 3.7). These results further confirm the observations on Calliphora 
(Karlson and Sekeris, 1962), in which an increase in dopa decarboxylase 
activity was obtained by the injection of ecdysone into the posterior 
portions of ligated larvae. Due to the complexity of the tn vivo system, 
an alternative in vitro system was desirable to continue our studies on 
the nature of the hormonal induction of dopa decarboxylase. The develop- 


ment of this system is described in the following chapter. 
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Chapter IV 


IN VITRO INDUCTION OF DOPA DECARBOXYLASE 
IN IMAGINAL WING DISCS BY ECDYSTERONE 


(a) Introduction 


Recent progress in the culturing of insect organs, tissues and cells 
now make both short- and long-term tn vitro experiments possible. It has 
been reported that imaginal discs cultured in the presence of ecdysone 
can be induced to undergo considerable development, including the deposi- 
tion of cuticle. Such studies now encompass work on Drosophila (Fristrom 
6tualey 1969% Mandarony,) 19705 1971)_,4975)5 Galleria (Oberlander, 19697 
Oberlander et al., 1973), Plodta (Oberlander and Tomblin, 1972), and 
Sarecophaga peregrina (Ohmori and Ohtaki, 1973). The synthesis of RNA and 
protein sarejyialso stimulated when discs are cultured in the presence of 
molting hormones (Fristrom et al., 1969; Raikow and Fristrom, 1971; Ohmori 
andwOhtaki p1l973)}aee Phisistronply-sugpestsathat imaginalediscs arevone, of 
the target tissues for ecdysone. Recently, Wyatt etal. (1973) have shown 
that ornithine decarboxylase can be induced by ecdysterone in wing tissues 
of the silkmoth cultured in vitro. Therefore, we set out to determine 
whether or not cultured wing discs could be induced by ecdysone to produce 
dopa decarboxylase. The establishment of such a system would facilitate 


studies on the mechanisms of the hormonal induction of enzymes. 


(B) Experimental Methods 


(i) In vitro synthests of actd-insoluble RNA and protein 
Incorporation of tritiated precursors in total RNA and protein 


was measured by a modification of the method of Robb (Robb, 1969). In 
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each study, 20 - 30 intact discs were used and care was taken not to 
include discs damaged during dissection. 

To measure the uptake of 3H-uridine into total RNA, wing discs were 
cultured for various lengths of time in S or SE medium and then trans- 
ferred to 1 ml of fresh S or SE medium supplemented with 10 wC 7H-uridine 
(specifi ceactivity, 28. 5..C/mM).44 After jane hour-incubation, ate25ac . 
incorporation was stopped by adding 0.5 ml of 10% TCA into the incubation 
mixture. Discs were homogenized in 2 ml of 10% ice cold TCA in a glass 
tissue grinder. After standing for 10 min at 4°C, the homogenate was 
filtered through a glass fiber filter (Whatman GF/C). The filter was 
washed with 20 ml of 10% cold TCA, 10 ml of 95% cold ethanol and 10 ml 
acetone, and then dried uider an anirared tamy for lem, Theedried 
filter was placed in 10 ml Bray's solution and the radioactivity was 
determined in Packard Tricarb Liquid Scintillation Spectrometer with 
30% of counting efficiency. 

In studying the incorporation of 39H-amino acids into total protein, 
a Similar procedure to that described above was used. However, incor- 
poration was carried out in 1 ml of Drosophila phosphate buffer, pH 6.8 
(Robb, 1969) supplemented with or without 2 x 10 ° M ecdysterone as 
required and with 10 uC of the 3H-L-amino acid mixture. 

Controls, in which the reaction was stopped at zero time, indicated 
that all acid soluble radioactivity was washed from the filters. The 
sterility of the disc cultures was checked by streaking the cultures on 


nutrient agar plates and incubating these at 37°C for 48 hr. 


(ii) Induction of dopa decarboxylase activity by eedysterone 


Imaginal wing discs isolated from synchronized larvae were 
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pre-incubated in S medium for one hour. Groups of ten intact discs were 
transferred to small sealed culture dishes (3.0 x 1.2 cm, Bellco) con- 
taining 2 ml of SE medium and incubated at 25°C. At different times, the 
discs were removed from the medium and the activity of dopa decarboxylase 
was measured as described in Chapter II. For each time, a control was run 


by incubating 10 discs in S medium with the proper amount of 10% ethanol. 


(C) Results 


(i) Effect of a-eedysone and ecdysterone on the in vitro development 
of wing dises 

Schneider's medium, generally supplemented with serum, has been 
successfully used to maintain imaginal discs by several investigators 
(Schneider, 1964, 1967; Fristrom, 1969), and was the basis of our culture 
medium (see Chapter II). As Figure 4.1 shows, a considerable degree of 
hormone-induced development occurred when wing discs of Sarcophaga were 
cultured in SE medium. Discs cultured in S medium showed no appreciable 
morphological changes even after 96\hy (Fig. 4.1 2). The tirst observ-— 
able morphological change in discs cultured in SE medium was the expan- 
sion of the discs to a somewhat round shape, which occurred 12 - 14 hr 
after exposure to the hormone (Fig. 4.1 b). At this stage of develop- 
ment, the peripodial membrane of the discs has become very thin and the 
folded wing structure can be seen through the membrane. Between 14 - 24 
hr the peripodial membrane ruptured and the wing structure started to 
€verteout, of thensacma(rig. 4.1 ¢). “After 40 hrsof sincubationgaine ob 
medium, the wing structure had everted completely (Fig. 4.1 d) and there- 


after the presumptive wing continued to enlarge and elongate (Fig. 4.1 e). 
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Figure 4.1. Development of imaginal wing dises cultured in SE medium. 

(ay) Control disc.) Controlsdiscsawere cultured in S 
medium with 5 pl of 10% ethanol. The discs did not 
show any change in morphology throughout a 96 hr 
culturing period. 

(b) Disc cultured 14 hr in SE medium, This stage repre- 
sents the first appreciable morphological change. 

At this stage the peripodial membrane is very thin 
and no longer tightly adheres to the cells of the 
disc. 

(c) Disc cultured 24 hr in SE medium. Peripodial 
membrane is partially ruptured, and the wing has 
begun to evert from the sac. 

(d) Disc cultured 40 hr in SE medium. The presumptive 
wing has everted completely out of the sac. 

(e) Disc cultured 64 hr in SE medium, considerable 
elongation has taken place since (d). 


Magnification: X 256. 
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The effect of a-ecdysone and ecdysterone on the development of wing 
discs cultured tn vitro is summarized in Table 4.1. When discs were 


6 _ 1x 10° M), no signi- 


cultured in the presence of a-ecdysone (6 x 10 
ficant development was observed even after 54 hr. Under the concentra- 
tion of 2 x 10°° M a-ecdysone, a slight development of the discs was 


observed after 54 hr (similar to Fig. 4.1 b). Complete evagination was 


observed in discs cultured in the presence of ecdysterone ranging from 


7 5 


2x 10° to 1x10” M. “Incomplete evagination was observed when high 
concentrations of ecydsterone (4 x 10°? - 2 x 10°* M) were used. Only 
Slight morphological changes could be observed in discs cultured in 
INS (PENA ONOS: fobe BA bs 10° mM ecdysterone, = From theserexperiments., ali 
ecdysterone concentration of 2 x 107° M was chosen as the optimum for 
FULCNeI eS CUdIeS, 

To determine the suitability of S medium for maintaining cellular 
integrity, discs cultured in S medium were transferred at various lengths 
of time to SE medium. As shown in Table 4.2, normal tn vittro evagination 
was induced in discs that had been maintained in S medium for as long as 
96 hr. 

Table 4.3 presents the results of the effects of actinomycin D and 
cycloheximide on the tn vittro evagination induced by ecdysterone. It 
was found that actinomycin D (1 ug/ml) or cycloheximide (10 ug/ml) 
inhibited tm vitro evagination induced by ecdysterone when the inhibitors 


were added to the culture at zero hr. These concentrations also effec- 


tively inhibited macromolecular syntheses (Tables 4.4, 4.5). 
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Table 4.1. EFFECT OF a-ECDYSONE AND ECDYSTERONE ON DEVELOPMENT OF 


IMAGINAL WING DISCS 


Final Concentration 1 


Hormones (M) Evagination 
a-ecdysone Se ire : 
a-ecdysone ibe aioe x 
a-ecdysone Dixsl0ac -2 
ecdysterone Dx 106! 3 
ecdysterone oy realy + 
ecdysterone Hey One — 
ecdysterone Se ayiy © “ 
ecdysterone Seen’ + 
ecdysterone Ors fe 

-5 
ecdysterone 4 x 10 * 
-4 rm 
ecdysterone 25x 10 + 


em 


lEvagination of the discs was scored 30 - 40 hr after the addition of 
hormone, at which time under optimal conditions the discs appeared 
as shown in Figure 4.1 d. 

2The discs had assumed the shape shown in Figure 4.1 b at 54 hr but 
no further development was observed. 

3The discs had assumed the form shown in Figure 4.1 b after 24 hr of 
incubation but no further development was observed. 


*Incomplete development resulting in irregular, distended discs. 
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Table 4.2. ABILITY OF IMAGINAL WING DISCS TO EVAGINATE FOLLOWING 


AN INCUBATION PERIOD IN S MEDIUM 


Time in 7 wags 
Sevetin vagination 
(hr) 
48 + 
ne a 
96 + 


Discs were isolated from synchronized larvae and three groups of 5 
discs were transferred to SE medium foliowing a period of culturing 
in S mediun. 


Evagination was scored 30 - 40 hr after exposure to ecdysterone. 
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Table 4.3. EFFECT OF ACTINOMYCIN D AND CYCLOHEXIMIDE ON IN VITRO 


EVAGINATION INDUCED BY ECDYSTERONE 


Inhibitor Evagination 


Control u 
Actinomycin D - 


Cycloheximide - 


Five discs, isolated from synchronized larvae, were cultured in SE 
medium. Actinomycin D (1 ug/ml) and cycloheximide (10 ug/ml) were 
added to the culture at 0 hr. Since actinomycin D is somewhat 
unstable, discs incubated in SE medium with actinomycin D were trans- 
ferred to a fresh medium every 24 hr. 


Evagination was scored 30 - 40 hr after induction. 
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78 
(ii) The ability of tmagtnal wing dtses cultured tn S medtum to 
ineorporate 3H precursors into total RNA and protein 

One of the biochemical criteria for judging the viability of discs 
maintained tm vitro is the ability of discs to synthesize total RNA and 
protein. Figure 4.2 indicates that discs cultured in S medium were able 
to incorporate *H-uridine into total RNA linearly for at least 72 hr. 
However, these data give no indication of the instantaneous rate of RNA 
synthesis. Instantaneous rates of RNA synthesis in discs cultured in 
S medium for different lengths of time were measured by the amount of 
incorporation of *H-uridine into total RNA in an hour. As shown in 
Figure 4.3, a 3- to 4-fold decrease in the rate of °H-uridine incorpora- 
tion into RNA was observed in the first 12 hr of the tn vittro incubation. 
This observation is in agreement with the data presented by Raikow and 
Fristrom (1971). However, a significant amount of net incorporation was 
ouservedsin therdises for at least 72 .hr. 

Due to the fact that there is high content of free amino acids in 
S medium, this medium is not suitable for studying the ability of 
imaginal discs to synthesize acid-insoluble protein. Therefore, instan- 
taneous rates of protein synthesis in the discs cultured in S medium 
were measured by the amount of incorporation of %H-amino acids into 
acid-insoluble protein in Drosophila phosphate buffer (Robb, 1969) in an 
hour. The instantaneous rate of PLOteiNesyNtnesds eli kemenate OL ynNA 
synthesis, decreased rapidly in the first 12 hr of incubation, and then 
stabilized at an appreciable level for more than 72 hr (Fig. 4.3). The 
results of this and the previous section indicate that discs can be main- 


tained in S medium for as long as 3 days in a state of biological activity. 
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Figure 4.2: 


Cumulative RNA synthests tn wing Bret cultured in 
S medtum, 

Wing discs were cultured in S medium supplemented 
with 10 ywC/ml 3H-uridine. Discs were removed at 
various times and the amount of acid insoluble 
radioactivity was determined as described in (B) 


Experimental Methods. 
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Figure 4.3. 
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Wing discs were isolated from synchronized larvae 
and incubated in S medium at 25°C for various times. 
Instantaneous net RNA synthesis was measured by 
transferring the discs to S medium supplemented with 
3H-uridine (10 uC/ml) for 1 hr. Instantaneous net 
protein synthesis was measured by transferring the 


discs to Drosophila phosphate buffer (Robb, 1969) 


C 


supplemented with a 3H-amino acid mixture (10 uC/nl) 
for 1 hr. 

For each data point, acid insoluble radioactivity was 
determined in a duplicate pair of discs as described 
in (B) Experimental Methods. 

(—_e——e—_ ), RNA synthesis; (---~0----o---), protein 


synthesis. 
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(iii) Effect of ecdysterone on incorporation of 3H precursors into 

RNA and protetn in cultured wing discs 

Figure 4.4 presents the effect of ecdysterone on the instantaneous 
rate of RNA synthesis in wing discs cultured in vitro, and the control 
curve from Figure 4.3 is replotted for comparison. The rate of total 
RNA synthesis increased sharply from time zero, reached a maximum at 
about 11 hr and then decreased gradually. Four hours after the rate of 
synthesis had reached a maximum, the discs showed the first morphological 
changer (Fip. 451 5). 

The effect of ecdysterone on the rate of protein synthesis in wing 
discs cultured in vitro was also examined. Figure 4.5 indicates the 
stimulation of the instantaneous rate of acid-insoluble protein synthesis 
in wing discs by ecdysterone. A comparison of the relative stimulation 
of protein and RNA synthesis (Fig. 4.6) indicates that the initial 
stimulation of RNA synthesis is substantially higher than that of protein 
synthesis. 

The sensitivity of the discs cultured tn vittro to inhibitors of RNA 
and protein synthesis was also examined. As summarized in Tables 4.4 
and 4.5, the ecdysterone-induced RNA and protein synthesis was sensitive 
to actinomycin D and cycloheximide. Actinomycin D at 1 wg/ml and cyclo- 
heximide at 10 ug/ml gave 93% and 100% inhibition of RNA and protein 
synthesis respectively, and these two concentrations were used as effec- 


tive inhibitory concentrations in our later experiments. 


(iv) Induction of dopa decarboxylase activity in cultured wing 


dises by ecdysterone 


Induction of dopa decarboxylase activity was carried out by 


: 7 
- a : - 

a 7 ; i 
cts emaninssin 1 tonSatneeant ke anemakai | 
. ovhe “UMP SYN - 3 ) BR as i 

+ : ited - Be Ly ‘ ‘ nd 7 oe . J : 
¥y = 


' 
widonstimtent ats mo oot cn nore m ee 
lontaos ods bane cot ny hecsties wo2ib’ ee 
fates to oder ST oe keaNOD x0 barjolqer 2t eh mort ae 
19 mutinem 1 barasor <caae init nto ‘chqroite! aan: 
Youistar of3 wate etuol wot .“fiauberg boeweraab colts Sen Nie If tuo 


[ndigololtqran t211t ont bowod2 eozth odt ,mumixaet  bedonor bad @i 
AOL 2k 
ye 


. > 


one 
7 


a 


eft estanibnt 2. s1ugtt .borinaxe o¢le 2ew Gide od bomwaivs 

dtxodvive iretota oléuloett-bion't6 stax auoedetresent of to afte 
7 

solbtalumive eittelos- odd Jo mozivecmes A .onoregayhbe vd asekh gakw 


alesory 4o Jody ands todgil “fthliaisedds <i etvonsinve AAR to ap 


Avi Yo e¢ogudbitn? of celta 1 bevstivo ebakh ot? Vo ivekbadee oat 
bo) gett ni bexirommee 2A .bonimexe ovle eow ebeodtwye atetonq 6 7 
evivienp2 2hw vtezoiiove atetorg bat AA bsoubsi-ontisdeyios ef .? h 
-ofoyo Bao in\gu | te 1 diowonitoA .sbinizedotyyo bas @ ntoymonttss 4 
irodohiy bie AMA YO rigltidiAnd 4000 ‘bre #80 ayeg teNgu OF Fe ‘sbiabzat® 
-28%e, em bi2is or4w emoltortieomo ow? seo) bas »ylewitaaqeer eleodtanye 


-2tiomlsoqxne to3ai,. suo .at aniok ttt “eotidinnt ovis 
qniu. bowdiva at grickies oupigtodaneel) sack Yo werreuiel (vb 


| anvtaknybhos yl apebh 
(J uo hotimes caw ytivitoe seslodrageb aqub Yo welzgubal 


| . Boeth yriw nt jnye MA Yo etot euosaptapteni = «+8 orugil 
f, -codbbum 82 at horse Seo 
| bre sevtst bosiaortomye moa beteloet oem 2oeth gaiw 
rat 2°28 32 (—o—_e—. thom 42 at betsdpont 
aaw elanrteye AVA ton asoenataadgql =. eemtt anita 
; fauibea JZ 07 202th edt guizvrotenet? yd bexsesen 
MW ‘ H sad { 10% Cie\ Dy OF) snibiau-t® dtiw ketasmnolqque 
| on] ysivisossoreer~sldulveat blow ,Intoq 
|| pedtnomsb-elf 228 40 xhaq ezaaitqub « af beataxsteb 
| a 2bortteM Lermenttege® (8). at 
| Move, betolyer ef (---0----O--~) ewaws tortaos eT 
Be mn Fa ae fen ae hes it re ed sore - Te 


12 24 36 


TAME OF INCUBATION (HOUR) 


Figure 4.4. 


Instantaneous rate of RNA synthests in wing dtses 
cultured tn SE medtum. 

Wing discs were isolated from synchronized larvae and 
incubated in SE medium (—~e——e—) at 25°C for 
various times. Instantaneous net RNA synthesis was 
measured by transferring the discs to SE medium 
supplemented with 3H-uridine (10 wC/ml) for 1 hr. 

For each data point, acid insoluble radioactivity was 
determined in a duplicate pair of discs as described 
in (B) Experimental Methods. 

The control curve (---O----O---) is replotted from 


Figure 4.3. 
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Figure 4.5. 


Instantaneous rate of protein synthesis tn wing dtses 
cultured tn SE medium. 

Wing discs were isolated from synchronized larvae and 
incubated in SE medium (—e——e@— ) at 25°C for various 
times. Instantaneous net protein synthesis was measured 
by transferring the discs to Drosophtla phosphate buffer 
(Robb, 1969) supplemented with a 3H-amino acid mixture 


(10 uC/m1) for 1 hr and ecdysterone (2 x 10m 


M) For 
each data point, acid insoluble radioactivity was deter- 
mined in a duplicate pair of discs as described in (B) 
Experimental Methods. 


The control curve (---O----o--) is replotted from Figure 


4.3. 
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Figure 4.6. 


Comparison of relative rates of instantaneous RNA and 
protein synthests in wing dises cultured tn SE medtum. 
(---O----O---), relative rate of RNA synthesis; 

( —e—e— ), relative rate of protein synthesis. 
The data were obtained by plotting the ratio of the 
experimental to control curves shown in Figures 4.4 
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Table 4.4. EFFECT OF ACTINOMYCIN D ON RNA SYNTHESIS IN INDUCED 


CULTURES OF WING DISCS 


Concentration of >H-Uridine inhibeened 
Actinomycin D Incorporated/Disc/Hour (%) 
(ug/ml) (dpm) 
0 1980 0 
O07 05 330 83.2 
0.10 133 OS aL 
0.50 110 94.4 
1,00 150 93ak 
5.00 107 94.5 


Discs isolated from synchronized larvae were incubated in SE medium 
with various concentrations of actinomycin D for 4 hr at 25°C. 
Incorporation of 3H-uridine into total RNA was measured by incubating 
thesdiscsstor lehre with Lore uridine-3H in SE medium with the same 


concentration of actinomycin D. 
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Table 4.5, EFFECT OF CYCLOHEXIMIDE ON PROTEIN SYNTHESIS IN INDUCED 


CULTURES OF WING DISCS 


Concentration of 3H-Amino Acids Tae ees en 
Cycloheximide Incorporated/Disc/Hour Fs 
(ug/ml) (dpm) et 
0 5620 0 
0.5 280 95.0 
120 87 98.5 
5.0 0 100.0 
10.0 . 0 100.0 
20.0 0 100.0 


Discs isolated from synchronized larvae were incubated in SE medium 
and various concentrations of cycloheximide for 4 hr at 25°C. 
Incorporation of 9H-amino acids into acid-insoluble protein was 
carried out in Drosophtla phosphate buffer (pH 6.8) supplemented with 
ecdysterone, (2 x (Ome M), the same concentration of cycloheximide and 
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incubating wing discs isolated from synchronized larvae in SE medium. 
The discs were then removed to measure dopa decarboxylase activity at 
different lengths of time. As summarized in Figure 4.7, after incuba- 
tion with ecdysterone for 96 hr, enzyme activity was elevated 4-fold 
relative to the control. Although no hormone was added to the control 
discs, a substantial level of enzyme activity was observed. This may 
be due to the presence of a small amount of endogenous hormone in the 
disco. 

The induction of dopa decarboxylase activity requires both RNA and 
protein synthesis as revealed by studies with inhibitors. As shown in 
Table 4.6, actinomycin D at a concentration sufficient to inhibit 93% 
of the RNA synthesis, inhibited 84% of the induced enzyme activity. 
Cycloheximide sufficient to inhibit all the protein synthesis inhibited 


89% of the enzyme activity. 


(D) Discussion 


The criteria we used to determine the viability of the discs 
maintained in culture were: (i) the ability of the discs to undergo 
ecdysterone-induced evagination, and (ii) the ability of the discs to 
incorporate 3H-uridine and 3H-amino acids into macromolecules. By 
these criteria, under the culturing conditions we describe, discs isolated 
from third instar larvae can be maintained in a state of biological and 
biochemical activity for at least 3 - 4 days. 

In their studies on the effect of ecdysone analogues on the tn vittro 
development of the wing discs of Sarcophaga peregrina, Ohmori and Ohtaki 


(1973) claimed that ecdysterone at a concentration of 3 x 10°’ M could 
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Figure 4.7. Dopa decarboxylase activity in wing dises cultured 
tn SE medtum. 
Wing discs isolated from synchronized larvae were 
incubated in S medium (---0----o---) or SE medium 
(—e——e—— ) for various lengths of time at 25°C. 
For each data point, dopa decarboxylase activity 
was determined in a duplicate set of 5 discs as 
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Table 4.6. EFFECT OF ACTINOMYCIN D AND CYCLOHEXIMIDE ON THE 


INDUCTION OF DOPA DECARBOXYLASE IN CULTURED WING 


DISCS 
Activity of ean s 
Conditions Dopa Decarboxylase ea 
(nmoles/disc/20 min) 
(x 102) 
Control S15 0 
Actinomycin D has 84 
Cycloheximide 0.9 89 


The induction was carried out in SE medium for 72 hours. 
Actinomycin D (1 ug/ml) and cycloheximide (10 ug/ml) were added 
to the culture at 0 hour. The enzyme activity was measured under 


the standard conditions in 0.05.M Tris-HCl buffer (pH 7.5). 
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induce in vitro evagination. Inhibition of in vitro development was 
observed when higher concentrations of ecdysterone (over 1 x Hoy M) 
were used, Our studies are in agreement with this observation. As 
Figure 4.1 and Table 4.1 show, ecdysterone ranging from 2 x 10s 

1x 107° M induced imaginal wing discs to undergo complete tn vitro 
evagination. On the other hand, a-ecdysone at a concentration of 
2x10°M only caused the early morphological changes associated with 
evagination. Therefore, we conclude that ecdysterone is at least a 
hundred times more active than a-ecdysone in inducing tn vittro evagin- 
ation of imaginal wing discs. Our results are supported by several 
othereiivestigators.  Chihara et al. (1972) mperred that ecdysterone 
is two hundred times more potent than a-ecdysone in inducing tn vttro 
evagination of discs isolated from Drosophtla melanogaster. Similar 
differences in the activities of these hormones have also been found by 
Ashburner (1971) for the tm vittro induction of puffing in the polytene 
chromosome of salivary glands of Drosophtla melanogaster. In his study, 
auconcentrationm Ob ecdysterone Of 10° M produced the same size puff 


4 


that was achieved with a-ecdysone at a concentration of 10 °M. Our 


conclusion is further substantiated by the evidence obtained from the 
studies on cuticle deposition induced by ecdysterone in cultured 
cockroach leg regenerates (Marks, 1971), and in cultured wing discs of 
Plodia (Oberlander and Tomblin, 1972). Recently, however, Mandaron 


y 


(1973) reported that a-ecdysone (6 x 10°’ - 1 x 107° M) could induce 


discs of Drosophila melanogaster to undergo complete metamorphosis tn 


9 


vitro, whereas, ecdysterone (6 x 10 ~ - 2 x iia M) could only induce 


abnormal and incomplete evagination. The serious discrepancy between 
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his work and the work reported here and elsewhere, may stem from the 
fact that his culturing technique involved use of the "hanging drop" 
method. In any case, further work is necessary to resolve the problem. 

Wing discs cultured in S medium incorporate °H-uridine and ?H-amino 
acids into total RNA and protein at an appreciable rate at least for 
72 hr, although a sharp decrease in the rate of incorporation was 
observed in the first three hours. As suggested by Raikow and Fristrom 
(1971), this decrease may be due to the exhaustion of endogenous 
ecdysterone present in the discs before dissection. This explanation 
may account for the substantial increase in dopa decarboxylase activity 
that was observed in the discs, cultured in the absence of the hormone 
(Pig. 4). eA lLonpers (2)days) pre-incubation of the discs in S medium 
would be expected to eliminate both the above effects. This in fact was 
done by Ohmori and Ohtaki (1973) and as Figures 3 and 6 of their paper 
show, the sharp decrease in the instantaneous rate of RNA and protein 
Synthesis is eliminated. They ascribe the decrease to the necessity of 
repairing injuries sustained during dissection. 

Finally, we have demonstrated that the activity of dopa decarboxy- 
lase can be induced by ecdysterone in discs cultured tn vitro for 96 hr 
(Fip.e4s/).  shis comtirms that the diséseare: agtarpetetissue of 
ecdysterone. Besides the induction of ornithine decarboxylase in the 
fat) body and wing tissues of silkmoths (Wyatt etJal. 1973) dopa 
decarboxylase is the only other insect enzyme which has been demonstrated 
to be inducible by ecdysterone. As discussed in the following chapter, 
the system should prove valuable for further biochemical experiments on 


the molecular mechanisms of hormone action. 
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Chapter V 
CONCLUSIONS 


This thesis describes the biochemical properties of dopa decar- 
boxylase in Sarcophaga bullata, the precocious induction of the enzyme 
in young third instar larvae, and the development of conditions for 
culturing imaginal discs which made studies on the hormonal induction 
of dopa decarboxylase possible. 

The results presented in Chapter II indicate that the optimum pH 
for copa decarboxylase activity in 0.05 °M Tris-HCl butfer is 7.5, .and 
the optimum assay temperature is 40°C. Since the reaction mixture was 
not in contact with the water bath in which the temperature was 
recorded, the optimum assay temperature we report here does not reflect 
the actual optimum temperature for the enzyme, which is probably 1 - 5°C 
lowerethans that. reported. — hromethesstudies we reportedsinethaptersl EL, 
it is obvious that pyridoxal-5'-phosphate is an obligatory co-factor 
for the enzyme. However, the binding between pyridoxal phosphate and 
the apoenzyme is rather weak, since passage over Sephadex G~200 removed 
the co-factor. Although the rate of decarboxylation was elevated 40% 
above the control in the presence of Hee Uticisenotean, Obligatory 
co-factor for the partially purified enzyme preparation. The enzyme is 
rather labile at 4°C, shalt will present some difficulties in the puri- 
fication of this enzyme. However, sulfhydryl compounds such as mercapto- 
ethanol and PTU, or pyridoxal phosphate can stabilize dopa decarboxylase 
activity to a certain extent. The best stabilization conditions are 
obtained when both mercaptoethanol and pyridoxal phosphate are used, 
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and therefore it may be advisable to add these two agents to all buffers 
during purification. Once the enzyme had been passed over Sephadex 
G-200, it became quite stable (Table 3.5); however, the length of time 
required for Sephadex G-200 chromatography is a drawback. Therefore, a 
purification scheme in which an ammonium sulfate fractionation is 
followed by rapid dialysis on Sephadex G-25, and then chromatography 

on DEAE cellulose and Sephadex G-200 should be attempted. 

During postembryonic development of Sarcophaga bullata, three 
distinct peaks of dopa decarboxylase activity were observed. These 
OCCUYTed at pupariation (peak Is Fig. 3.4) .95-1/2 days aiter the white 
puparium stage (peak II, Fig. 3.4) and at adult eclosion (peak III, 
Fig. 3.4). The enzyme activity at puparium formation was confined to 
thescuticularsepirdermal celisiwhich 1s sin agreementswititie Tesults oc 
Lunan and Mitchell (1969). The enzyme activity at peaks I and III is 
assOciaccawititetiesscleroci zation O1 tne pupal CasesanG, adult, cuLicle 
respectively, whereas the enzyme activity at peak II is probably associ- 
ated with pele teat ion of the pupal prothoracic spiracles. The 
possibility that the activity in peak IIT is not dependent upon the 
presence of the molting hormone was raised in the Discussion in Chapter 
Pils Althoupn wWesresard this, as unlikely suntiletne ecdysterone titer 
in Sarcophaga has been determined throughout development, the question 
remains unanswered. 

The possibility that dopa decarboxylase also performs a neuro- 
logical function in Sarcophaga was not directly investigated. However, 
the homogeneity of dopa decarboxylase on DEAE cellulose and Sephadex 


G-200, indicates the enzyme activity probably resides in a single 
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molecular species. Furthermore, if dopamine is functioning as a synaptic 
transmitter in Sarcophaga, then the dopa decarboxylase which produces 

this dopamine would be expected in the adult brain. When the enzyme 
activity in the heads of 10 day old adults was examined on DEAE cellulose, 
it chromatographed identically to the enzyme present in the cuticular 
epidermal cells. 

In order to provide direct evidence for the contention that dopa 
decarboxylase activity is regulated by ecdysterone, the im vivo induction 
of dopa decarboxylase was attempted by the injection of ecdysterone in 
5 day old larvae. A 4-fold increase in dopa decarboxylase activity over 
the controls was found 50 hr after the injection of hormone. The enzyme 
activity induced in such larvae had similar chromatographic properties 
on DEAE cellulose to the enzyme produced at puparium formation during a 
normal developmental cycle. Furthermore, at least 60% of the induced 
enzyme activity was localized in the cuticular epidermal cells. Thus 
this precocious induction of dopa decarboxylase appears similar to the 
normal course of events which occurs at pupariation. 

However, to study the molecular mechanism of the induction process, 
it was desirable to develop a system in which epidermal cells could be 
Maintained tn vttro. The morphological changes that the imaginal discs 
undergo in the presence of ecdysone, provide a visual key to the induc- 
tion processes. For this reason, we chose to culture imaginal wing discs 
Yather tial the Cuttcular epidermal cells, MAS the results presented in 
Chapter IV show, we have found that wing discs maintained in S medium up 
to 4 days, retain their ability to synthesize RNA and protein as well as 


their ability to undergo normal evagination process (shown in Fig. 4.1), 
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when transferred to SE medium. Since the results clearly showed that 
ecdysterone has a much higher biological activity than a-ecdysone in 
inducing evagination, this form of the hormone was used for the biochem- 
LCotest utes. 

Both RNA and protein synthesis were stimulated immediately after 
the addition of ecdysterone, although as shown in Figure 4.6 the initial 
stimulation of RNA synthesis was substantially greater than that of 
protein synthesis. Unlike Fristrom (1972), who was studying discs of 
Drosophtla, we could not detect any lag in protein synthesis following 
the administration of ecdysterone. The fact that our discs were hand- 
dissected in S medium, as opposed to being mass isolated, could well 
explain ther difference in the results. |The mass isolation procedure, 
which requires passing the discs through Ficoll gradients and several 
rinses with water, could well have reduced the level of protein synthesis 
Pnecnesesdiscs. 

Dopa decarboxylase activity in wing discs cultured in the presence 
of ecdysterone for 96 hr was elevated 4-fold above that in control discs. 
Actinomycin D and cycloheximide inhibited the induction of enzyme 
activity, suggesting that hormonally-induced RNA and protein synthesis 
is a prior requirement for the appearance of dopa decarboxylase activity. 

IneconclusiOn wCULSuLhesiseiS tie ti rsteleporteOreticmOriund. 
induction of dopa decarboxylase in cultured animal tissues. Dopa 
decarboxylase and ornithine decarboxylase (Wyatt et al., 1973) are 
presently the only enzymes in insects whose activity has been induced tn 
vittro by the molting hormone, ecdysterone. The sequential morphological 


changes that accompany the tn vitro development of imaginal discs cultured 


2 . : RO 
swadeoid adt 10% baaw enw “oaoored, 7 


‘torin ylozeihenad bod eiumtze oxew ctosdttirye wins tai AM AR _ 
: : i - eee 
fwiyint oft 3,0 OTUGTY ad wots es guodits erorotaylos dw nodsthbe, off, 7 
3 y bon ta ru : 
totus mud redabty ybletsnededia yaw clewlinye WM 20 mo beuluadge : 


to eveth gaivbove, cow ofw , (SVG) motieiad etsial - ; 7 | 


eniwelfey efowdatwve nestor 12 gel yaw 1oeteb Jo ion. ow al snqoeons 
-biai-onse et2lh vuo tody dost edt ,onurosieyboe to “no teyteinimbs on, 
{iow bivdaqhasatoes 2am ynted oF Lesoqys 26 cmpibem 2 mk Gagzemedhe 
“omebestr nobicioar asc ad? ,2etliteos oda nd sorereti ib, ald niniqne 
lexever bun etnotberm tlasit ayuoity eo2th oft gaigéag woriupet sdokdy, 
2feodiaye nivdoyq Jo level of} bosube ove Lilow blige stew apie ageadt. 
| anal ent a 
auleerqg oft ai hewslee ao2th gniw wi yrivbton sextynedrapeh aged | 5) 
Aveib Lorinoy mf taitt avoeds blot-t bogevels coy td 08 yok oanitedaybon 20 
onesie to-noizsubai ofs-borndtidnd alit@tesiotsy> baa O mtaywon’soA 
zigeddir~s nistoxq bie AVA. booubni -yilanomred tada-yottapggue ,y3ivigom - 
YJivisss geulyKodtascb xqob lo ssdaredqyn 9f2 10% tromesinpet toizg #28 
Lgthomred ot Yo azote: Perit ods ef 2bagis etds -autiiatieain al 
ayod ,eouéets iaine hoster wi oznlglodteicgh eqob te pessoubad 
gtn (ECL: ste sa 210") xf ytodriveb sadiietawe ture ornlyxnodrsoab 
wi pasidint need 2a pivison sony adoeend tt zomysne “ine add yitaeestq - 7 
Leotyciodqzom (nisnoupos GAT omexeseybiod  onogeon yoketomany ents |] 
Lunuadi avait Inniyca) 30 toidyitaval, Shit ols, eougnigsn ald etal, r 


‘ 
| ie . 
- 44 ae : 


102 


in the presence of ecdysterone, provides a series of developmental land- 
marks to which biochemical correlates may be made. The 48 hr delay in 
the appearance of enzyme activity after the addition of hormone, is 
required by the necessity for substantial disc elongation prior to the 
sclerotization of the pupal cuticle which is eventually secreted by the 
discs. It is obvious that slight sclerotization of the cuticle secreted 
tn vitro does occur once disc elongation is complete, since discs are 
extremely fragile until 72 hr after the addition of ecdysterone. The 
dopa decarboxylase activity associated with the sclerotization of the 
fine pupal cuticle tm vivo may be included under the shoulder on peak I 
in Figure 3.4 when pupation occurs. In the absence of any strong evidence 
to the contrary then, there is no reason to assume that the in vitro 
induction of dopa decarboxylase by the molting hormone is not a normal 
developmental process which also takes place tm vivo. Unlike the 
induction of ornithine decarboxylase in the wing tissues of silkmoths 
(Wyatt et al., £973) and the induction of tyrosine animo transferase in 
rat hepatoma cells (Tomkins et al., 1969), in which the developmental 
Significance of the process is uncertain, the induction of dopa decarboxy- 
lase in the developing wing discs may provide a good model system for 
studies on the hormonal control of a normal developmental process. 

This system should allow one to answer several important questions 
Onetie: inductionsprocessectrrencly uUndermainvestigation.s  lhesevare. 

1) What ts the half-ltfe of the induced enzyme? 

2) Is the presence of hormone requtred throughout the tnductton 

pertod? and 
3) At what stage can RNA and/or protein synthesis be tnhtbtted 


without preventing the appearance of the enzyme? 
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Thesize of the discs in Sarcophaga makes hand-dissection relatively 
easy and was an important consideration at the time this work was 
initiated. However, the development of techniques for the mass isola- 
tion of discs from Drosophila and the report that such discs undergo 
complete development tn vittro (Chihara et al., 1972; Fristrom, 1972) 
now presents the intriguing possibility ae extending the present 
studies to an organism in which sophisticated genetic analysis is 


possible. 
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